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ORDNANCE  OFFICE. 

Washington,  October  14,  1S47. 

Captain  A.  Mordecai, 

Washington  Arsenal. 
Sir:  The  duly  of  arranging,  preparing  and  publishing  drawings  of  a  uniform 
system  of   Artillery,  and  of  revising  the  Ordnance  Manual  and  publishing  a  new 
edition,  is   assigned  to  you.  *  *  *  *  * 

G.  TALCOTT,  Lt.  Col.  of  Ordnance. 


ORDNANCE  BOARD, 

Washington,  November  10,  1S49. 
To  Brig.  Gen.  Talcott, 

Col.  of  Ordnance. 
Sir:  Under  your  instructions  of  the  27th  ult.,  the  Ordnance  Board  have 
carefully  examined  the  Ordnance  Manual,  as  revised  by  Major  A.  Mordecai  for 
a  new  edition,  in  pursuance  of  your  order  dated  October  14,  lb47,  and  have 
made  such  alterations  and  additions  as  appeared  to  be  required  preparatory  to 
the  publication  of  the  work. 

R.  L.  BAKER,  Brevet  Lieut.  Col.        )   H 
J.   W.  RIPLEY,  Brevet  Lieut.  Col.  g  ri 

J.  SYMINGTON,  Major  of  Ordnance.  \  <  % 

A.  MORDECAI,  Brevet  Major.  j   g  S 

B.  HUGER,  Brevet  Col.  J  q 


ORDNANCE   DEPARTMENT, 

Washington,  November  17,  1S49. 
Hon.  Geo.  W.  Crawford, 

Secretary  of  War. 
It    is    respectfully   recommended    that    the   revised    edition   of  the   Ordnance 
Manual   be  printed  for  the  use  of  the  Army- 

G.  TALCOTT,  Bvt.  Bvig.  Gen., 

Colonel  of  Ordnance. 
Approved,  November  23,  1S49  : 

G.  W.  CRAWFORD. 


Extracts  yVom  the  preface  to  ike  fir  si  edition  of  the  Ordnemee  Manual. 

"This  work  being  designed  chiefly  for  the  use  of  those  charged  with  the 
fabrication  and  care  of  the  materiel,  leaves  untouched  nearly  all  that  relates  to 
the  personal  service  of  Artillery,  either  in  the  field  or  in  garrison.''     *     *     * 

"  It  is  earnestly  requested  that  all  officers  of  the  Army,  and  especially  those 
of  the  Ordnance  Department,  will  avail  themselves  of  every  opportunity  to 
verify  the  details  and  add  to  the  information  here  given,  and  that  they  will 
communicate  to  the  Colonel  of  Ordnance  any  corrections  or  amendments 
which    it   may    appear   advisable    to    make    in    a    future   edition    of  the    work.'' 
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A. 

ACCOUTREMENTS  :  Infantry,  201— Rifle,  202— Cavalry,  203— Artillery,  204— 
Sappers,  204 — Spare  parts  for  repairs,  205 — Material?  for  making,  205 — 
Weights,  207. 

AIR,  atmospheric:  Density,  410,  431. 

ALLOYS,  of  various  metals,  393— Of  coins,  418. 

AMMUNITION:  Chapter  X—For  Field  Service :  Preparation,  250 :  dimensions 
:m<l  weights,  259 ;'  packing,  260;  quantity  and  weight  in  each  ammunition 
chest,  303;  on  each  carriage,  306;  for  a  field  battery,  330;  for  fieM  train. 
329 — For  Mountain  Howitzer,  136 — For  Siegt  and  Qxtrrit        5  Prepara- 

tion, 202  ;  quantity  for  siege  train.  333;  for  armament  of  forts.  337 — Storage  of 
ammunition,  29fi — Breaking  up,  297. 

AMMUNITION  CHESTS:  For  Field  Carriages:  Nomenclature,  39:  bill  of  tim- 
ber, 67:  bill  of  iron,  82;  dimensions  and  weight,  .'>T:  interior  arrangement. 
299,302;  contents,  303;  weights,  packed,  306 — For  Mountain  Howitzer:  No- 
menclature and  contents,  139;  materials  for,  146,  148;  dimensions  and  weights, 
145;  contain  70(1  musket  cartridges,  331 ;  number  for  a  battery,  331. 

ANGLE  OF  SIGHT,  natural :  Definition,  3— Of  guns,  5— Of  eolumbiads  and 
howitzers,  6. 

ANIMAL  POWER,  419. 

ANTHRACITE  COAL,  397. 

AREAS  :  Of  plane  and  curved  surfaces,  435— Of  circles.  443,  452. 

ARITHMETICAL  PROGRESSION,  439. 

ARMAMENT  OF  FORTIFICATIONS,  337. 

ARMORERS'  TOOLS  :  For  arsenals,  192— For  the  field  park,  325. 

ARMS,  small:  Chatter  VIII — Nomenclature,  157 — Dimensions  and  weights,  163 — 
Inspection  of  new  arms,  164 — Browning,  180 — Packing,  181 — Preservation  in 
store,  184 — Issuing,  185 — Preservation  in  service,  186 — Inspection  of  arms  in 
service,  189 — Repairs,  190 — Side  Arms  :  Nomenclature,  198  ;  dimensions  and 
weights,  199;  spare  parts  for  repairs,  205. 

ARTILLERY:  see  Ordnance — Carriages.  Chapter  III — Proportion  of  artillery 
for  a  field  train,  329— For  siege  train,  332— For  armament  of  forts.  337.  341  — 
For  mountain  service,  Chapter  VI. 

ARTILLERY  PRACTICE:  Chapter  XIII. 

B. 

BABBIT'S  METAL  :  composition  of,  393. 
BALANCE,  for  weighing,  434. 
BALLISTICS,  428. 


BALLS:  Lead:  Diameters  and  weights,  '2'.> ;  manner  of  making,  244;  penetra- 
tion,  .ST.'! — Cart  Iron:  Diameter   and  freight,  27  to  30;   specific  gravity,  80; 

computation  of  weight,  30;   inspeotion  30;   piling,  32;   table  of  piles,  31;  pene- 
tration, 368. 

BAR  IRON:  Manufacture,  382— Properties,  354 — Tables  of  weight,  104. 

BARBETTE  CARRIAGES:  Nomenclature,  47— Dimensions  and  weigh: 
Bills  <>f  timber,  71  —  Bills  of  iron,  90 — Implements  ami  equipments, 
Meehanioa]  manoeuvres,  352. 

l:  UROMETER:  Measurement  of  heights,  426. 

BARBELS:  Of  small  arms;  dimensions  and  weights.  163;  inspection,  169 — For 
gunpowder,  218. 

I:  LSKET,  for  mortar  service,  115. 

BATTERY,  of  field  artillery:  Composition  of,  330— Ammunition,  330— Mountain 
howitzer,  331. 

BATTERY  WAGON:  Nomenclature,  42— Dimensions  and  weight,  57— Bill  of 
timber,  69 — Bill  of  iron,  85 — Equipment  for  field  battery,  310 — Equipment  for 
field  park,  319— Weights,  packed,  328. 

BAYONET:  Nomenclature,  157 — Length  and  weight,  163. 

BEAMS:    Strength  of,  400. 

BELL  METAL:  Composition  of,  393. 

BILL  HOOK,  117. 

BILLS:   Of  timber,  for  artillery  carriages,  67 — Of  iron,  76. 

BITUMINOUS  COAL,  397. 

BLOCKS  :  For  cartridges,  for  field  howitzers,  252 — For  sea-coast  howitzers,  263 — 
For  mechanical  manoeuvres,  344. 

BLUE  LIGHTS,  295. 

BOARDS  :  Measurement  of,  381. 

BOILING  POINTS,  of  liquids,  424. 

BOLTS  :  Classification  and  table  of  dimensions,  62,  63. 

BOOKS  :  For  siege  equipment,  336— Of  reference,  472. 

BOXES  :  For  packing  small  arms,  181 — For  lead  balls,  245 — For  percussion  car- 
tridges, 249 — For  packing  field  ammunition,  260. 

BRASS  :  Composition  of,  393; 

BRONZE  :  Composition  and  analysis,  8 — Strength,  402. 

BROOM,  for  mortar  batteries,  115. 

BROWNING    ARMS:  Instructions  for,  180, 

BUCKSHOT:  Size  of,  243. 

BUDGE  BARREL,  110. 

BURNS:  Liniment  for,  298. 


CAISSON  :  Nomenclature,  39 — Dimensions  and  weight,  57 — Bill  of  timber,  68 — 
Bill  of  iron,  82 — Equipment  for  field,  305 — Weight,  equipped,  306 — Number 
of  rounds  of  ammunition,  306 — Number,  with  a  field  battery,  830. 

CANISTER  SHOT:  Dimensions  and  weights,  29. 

CANISTERS  :   For  field  service,  255 — For  siege  and  garrison,  265. 
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CANNON:  See  Orpnanck— Pot  siege  train.  332. 

CANNON  LOCK,  113. 

CAPS  :  Percussion,  for  small  arms,  278 — Paper,  for  cartridges.  257. 

CARBINE  :  Hall's.  162,  163— Care  of,  177. 

CARCASSES:  Dimensions  and  weights,  28— Manner  of  loading,  291. 

CARRIAGES:  Chapteh  III— Nomenclature:  Pield,  37;  siege,  44;  barbette,  47; 
oasemate,  49 — Dimensions  and  Weights:  Field,  55,  57;  siege,  56,  57  :  barbette, 
58;  casemate,  60 — Bills  of  Timber:  Field,  67:  siege,  70;  barbette,  71 ;  case- 
mate, 73 — Bills  of  Iron:  Pield,  76:  siege,  86;  barbette,  90;  casemate,  95— 
Number  for  a  field  battery,  330 — For  a  siege  train,  332 — Tor  armament  of 
forts,  337. 

CARRIAGE  MAKERS'  TOOLS:  For  equipment  of  mountain  howitzer,  144— 
For  field  battery  wagon,  311  —  For  park  battery  wagon,  320. 

CARTRIDGES':  For  Small  Anns.-  Charges,  243;  making,  245 ;  dimensions  of 
bundles,  248;  manner  of  packing,  249 —  For  Held  service,  250  —  For  siege  and 
garrison  service,  262. 

CARTRIDGE  BAGS:  Field.  250— Siege  and  garrison,  262—  Paper,  263— Por  hot 
shot,  264,  ^7  1 — For  proving  ordnance,  264. 

CARTB  I  DGE  BLOCKS  :  For  Held  howitzers,  252— Por  Bea-coasl  howitzers,  263. 

CASEHARDENING,  iron,  390. 

CASEMATE  CARRIAGES:  Nomenclature,  49— Dimensions  and  weights,  60— 
Bills  of  timber,  73 — Bills  of  iron,  95 — Equipment,  339 — Mechanical  manoeu- 
vres. 353. 

CASK  GAUGING,  438. 

CAST  [RON  :  For  guns,  9— Properties,  386— Strength,  402. 

CAVALRY:  Musket. .on,  160— Sabre,  198— Accoutrements,  203. 

CENTRES  OF  GRAVITY,  138. 

CHAINS  :  Classification,  66— Strength  and  weight,  402. 

CHARGES:  For  proving  ordnance,  17 — For  small  arms.  213 — For  field  service, 
250 — For  siege  and  garrison  service,  263 — For  field  .-bells,  255 — For  mortar 
shells,  267— For  columhiad  shells,  268 — For  spherical  case  shot,  255. 

CHASSIS:  See  Barbetti  and  Casemate  Carriages. 

CHOCKS  :    For  casemate  carriage.  115 — For  mechanical  manoeuvres,  344. 

CIRCLES:   Tables  of  areas  and  circumferences,  443-452. 

CIRCULAB  SEGMENTS:  Tabic  of  areas,  451. 

COAL  :  Charcoal,  3'.).")— Bituminous,  397— Anthracite,  :;,.|7. 

COAL  TAR,  397— For  lacker.  153. 

OOEHORN  MORTAR:   Dimensions  and  weight.  7— Bed.  51. 

COINS:  Weight  and  alloy,  418— United  States  and  Foreign  eoine,  11s. 

COKE,  397. 

COLUMBIADS:   Dimensions  and  weights,  |i_Proof,  17— Cartridges,  263. 

COLUMNS  :  Strength  of.  400. 

COMBUSTIBLES  :   Heating  power  of,  424. 

CONDUCTORS:  Lightning.  225— Of  electricity,  420. 

CONGREVE  ROCKETS,  2S9. 

A* 


X  INDEX. 

COPPER  :  Properties  of,  8— Tinning,  391— Strength,  399,  102. 
CUBES  :  Table  of,  152. 

CYLINDERS  :  Strength  of  hollow  iron.  401. 

D. 

DISP  \RT  :  Definition  of,  4— Of  guns,  5— Of  howitzers,  B. 

DRAG  ROPE,  117. 

DRAWING  PAPER:  Dimensions  of,  418. 

E. 

ELECTRICITY:  Conductors  of.  420. 

EMBRASURE  SHUTTERS.  335. 

EPROUVETTE  :  Dimensions  and  weight.  7— Bod,  51— Use  of,  220. 

EQUIPMENT:  Chapter  XI— Of  field  carriages,  305— Of  forge  for  field  battery, 
.",07 — Of  battery  wagon  for  field  battery.  310 — Of  park  forge,  316 — Of  park 
batter;  wagon,  319 — Of  field  train,  329 — Of  siege  train,  332 — Of  fortress  car- 
riages, 339— Of  mortar  batteries,  339. 

EXP  A  HSION  :  Of  shot,  by  heat,  375— Of  various  bodies,  by  heat,  422. 

EYE  PINS  :  Dimensions  of,  00. 


PALLING  BODIES  :  Motion  of,  427. 

FASCINES  :   Preparation  of  pitched  fascines,  294. 

FELLING  AXE:  Dimensions,  117— Weight,  118. 

FIELD  CARRIAGES  :  Nomenclature,  37— Dimensions   and  weights,  55— Bills  of 

timber,  07 — Bills  of  iron,  70 — Equipment,  305. 
FIELD  PARK,  331. 
FIELD  TRAIN,  329. 
FILES,  392. 
FIRE  BALLS,  292. 
FIRE  STONE,  289. 

FIREWORKS,  Chapter  X— Materials,  230— Storage,  290. 
FIXED  AMMUNITION  :   For  mountain  howitzer,  138— For  field  service,  250. 
FLINTS,  242— Number  to  LOO  rounds,  329. 
FORAGE  :  Weight  of  different  kinds,  419. 
FORGE:   For  Field  Service:   Nomenclature,  40;  dimensions  and  weight,  57 :  bill 

of  timber,  08;  bill  of  iron,  S3;  for  field  battery,  307 ;   for  field  park,  316; 

weights,  equipped,  328 — I'm-  Mountain  Service,  IK* :  weight  of,  145. 
FRACTIONS  :  Table  of  equivalent  vulgar  and  decimal,  407. 
FREEZING  POINTS,  of  liquids,  424. 
FRICTION  :   Laws  of,  434. 

FB  H'TION  PRIMERS:  Manner  of  making,  281. 
FRIGORIFIC  MIXTURES,  424. 
FULMINATE,  of  mercury  :  Preparation  of,  279. 
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FUNNEL,  115. 

FURNACES  :  For  laboratory,  230— For  heating  shot,  374. 

FUZES  :   For   mortar  service,   274 — For   field   service.   270— For   columbiads   and 

howitzers,  277.  » 

FUZE  IMPLEMENTS,  114— Weights  of,  118. 
FUZE  PLUGS  :   For  fold  shells,  251— For  heavy  ordnance,  268. 

G. 

GAUGES:  For  shot  and  shells,  27— For  inspecting  small  arms.  101— For  gun- 
powder. 219. 

GAUGING,  casks,  138. 

GEOMETRICAL  PROGRESSION.  I'.1. 

GINS  :  Nomenclature,  51 — Dimensions  and  weights.  02— Hills  of  timber,  75 — Bills 
of  iron,  ',19 — Mechanical  manoeuvres,  354. 

GIN  FALL  :  Field  and  siege,  354 — Garrison  and  casemate,  35?. 

GOLD  RAIN,  288. 

GOMEE  CHAMBER,  3. 

GRAPE  SHOT  :    Dimensions  and  weights,  20. 

GRAPE:    Stands  of,  200. 

GRATES,  for  heating  shot,  374 

GRAVITY:  Specific,  409— Force  of,  427— Centres  of,  438. 

CREASE,  for  wheels,  155. 

GRENADES.  29. 

GROMMETS,  209. 

GUNS  :  Dimensions  and  weights.  5 — Proof,  17,  18 — Ranges,  Chapter  XIII. 

GUN  METAL  :  Bronze,  8— Cast  iron,  9— Strength,  402. 

GUNNER'S  IMPLEMENTS:  Gimlet,  111— Perpendicular,  1 13— Pincers,  Ill- 
Callipers.  114— Quadrant,  114—  Sleeves.  115— Weights  of,  118. 

GUN  CARRIAGES  :  Field:  Nomenclature,  37:  dimensions  and  weights;  55;  bills 
of  timber,  07:  bills  of  iron,  70:  equipment,  305;  weights,  equipped,  306 — Siege: 
Nomenclature,  I  1  :  dimensions  and  weights.  50  ;  bills  of  timber,  70  ;  bills  of 
iron,  SO  ;  equipment,  334 — Barbi  tti :  Nomenclature,  47 :  dimensions  and  weights, 
58  j  bills  of  timber,  71  j  bills  of  iron,  90 ;  equipment,  339 — Casemate:  Nomen- 
clature, 40  ;  dimensions  and  weights,  60  :  bills  of  timber,  73,  ;  bills  of  iron,  95; 
equipment,  330 — For  Mountain  Howitzer:  Nomenclature,  131  :  dimensions  and 
weights,  145. 

GUNPOWDER:  ChAPTBK  IX— Materials.  200— Proportions,  21  3— Manufacture. 
214—  Density,  217— Packing.  218— Inspection  and  proof,  219— Analysis,  223— 
Preservation  and  storage,  224 — Temperature  at  which  it  explodes,  217. 

H. 

HALE'S  ROCKETS,  289— Ranges  and  weights,  365. 

HALL'S  CARBINE  :  Nomenclature,   162— Dimensions  and  weight,  163— Inspec- 
tion, 177 — Care  of,  188. 
HANDBILL  (or  bill  hook),  117. 


HANDCART:  Nomenclature,  53. 

HANDSPIKES:  For  field,  siege,  and  garrison  service,  109 — Number  required,  bm 
Equipment. 

HARNESS:  For  Field  and  Siege  Carriages,  Chapter  V — Weight,  127  :  dimen- 
sions of  parts,  and  buckles,  128;  materials  for  making,  130;  Btorage,  130;  spare 
parts  for  repairs,  315,  323 — For  a  battery,  330 — For  Mountain  Service,  134. 

IIAl  8SE:  Pendulum,  For  field  service,  112. 

HAVERSACK,  lie 

HAY:  Weighl  in  bundles,  419. 

HEAT  :   Properties  and  effects,  420  to  425. 

HEIGHTS:  Barometric  measurement  of,  426. 

HORSES:  Number  required  for  a  field  battery,  330 — For  siege  train,  332 — Power 
of,  419 — Strain  horse  power,  420. 

HORSESHOES,  and  nails:  Weight  of,  310. 

HOT  SHOT:  Firing,  374— Expansion,  375. 

HOWITZERS:  Dimensions  and  weights,  6— Proof,  18— Shells,  27— Ammunition: 
For  mountain,  136;  for  field,  200:  for  siege  and  garrison,  263. 

I. 

ICE:  Strength  of,  425. 

[IMPLEMENTS:  For  Field,  Siege,  and  Garrison  Service:  Chapter  IV — Nomen- 
clature and  dimensions,  103;  weights.  108,  118;  storage,  11!) — For  Mountain 
Artillery.  L32,  139 — Kind  ami  number:  For  field  carriages,  305;  for  siege  car- 
riages. :;:;!  :  for  fortress  carriages,  330  ;  for  firing  hot  shot,  374  :  for  mechanical 

uiiimrin  res,  \\  I  I — /■'./;■  Small  Anns,  158,  162. 

INCENDIARY  MATCH:  Preparation  of,  295. 

INCLINED   PLANE:  Power  of,  433. 

INFANTRY   ACCOUTREMENTS,  201. 

INITIAL  VELOCITIES:  Of  cannon  balls,  365— Of  Bullets,  367— Formula  for 
comput  ing,  432. 

INSPECTION:  Of  Ordnance,  12— Of  shot  and  shells.  30— Of  small  arms,  new. 
164 — Of  arms  in  service,  189 — Of  Hall's  carbine,  177 — General  directions  for 
inspects  n  of    arms,  179. 

INSTRUMENTS  :  For  inspecting  ordnance.  10— For  siege  train,  336— For  arma- 
ment of  forts,  311. 

IRON,  CAST  :  For  guns,  9,  10— Specific  gravity  and  strength,  9,  399,  402— Pro- 
perties and  varieties,  385. 

IRON,  BAR:  Bills,  for  field  carriages,  7(5 — For  siege  carriages.  86 — For  barbette 
carriages,  '.Ml  —  For  casemate  carriages,  95 — For  mountain  howitzer  carriage, 
etc..  117.  I  is  — Manufacture,  382— Properties  and  test,  384 —  Forging,  385— 
Tinning.  39 1— Strength,  31)9,  402— Weight,  tables  of,  404— Plate,  weight  of. 
406,  4"7— Wire  gauge,  66. 

IRON   PIPES:  Weight  of,  408. 

ISSUE  OF  ARMS,  185. 

J. 

JACK:    Lilting,  51 — Lever,  54 — -Small  screw  jack,  118. 


K 


KIT  :    Composition,  295. 
KNOTS:    Plate  19. 


LABORATORY:    Arrangement,   fixtures  and   furniture,  229— Tools.   SSI— Mate- 
rials, 236— Paper.  239. 

LACKER:  For   iron    ordnance,   152 — For    small  anus    and   papfr.   163 — For  iron 
work,  154. 

LADLES  :    For  'annon,  105 — Number  required.  334,  339. 

LEAD:    Detection  of.  in  bronze,  I S — Adulteration  of,   2:17 — To  reduce  oxide.  237 — 
Temperature  of  melting  point,  423. 

LEAD  BALLS:   Diameters  and  freights,  29 — To  compute  weight  of,  30 — Fabrica- 
tion, 244 — Pressed,  245— Packing,  245. 

LEADERS,  271. 

LEATHER  :    For  artillery  harness.  130 — For  accoutrements,  205. 

LEG    GUARD:   Description,  125— Weight,  127. 

LEVER  JACK,  54. 

LEVER  :    Power  of,  432. 

LIFTING  JACK  :    Nomenclature  and  weight,  54. 

LIGHT  BALLS,  294 

LIGHTNING   RODS,  225. 

LIMBEB  :    For  Field  Carriages:  Nomenclature,  38:    dimensions  and   wi   gbl 

bill  of  timber,  67;   bill  of  iron,  si  —  For  Siegi    Carriage*:    N enclatur 

dimensions  and  weight,  56;  bill  of  timber.  7'1 :  bill  of  iron.  ■ 

LINE  OF  SIGHT,  natural,  3. 

LINIMENT,  for  burns,  298. 

LINSTOCK:   Description,  110— Weight,  118. 

LOCK:   For  Cannon:  Description,  113 ;   weight,  lis — For  Small  Arm*:    Nomen 
clature,  157:  weight,  163;    inspection,  172. 

LOCK  COVER,  US— Weight,  118. 

LOGARITHMS.  440. 

M. 

MACHINES:   Nomenclature,  51 — Required  for  siege  service,  335 — For  garrison 

service.  340. 
MAGAZINES  :    For  gunpowder,  224. 
MAGNETIC  NEEDLE:    Variation  and  dip,  426. 
MARKS  :    Of  ordnance,  19— Of  small  arms,  180. 
MARRONS,  289. 

MATCH  :    Preparation  of.  269.  270— Incendiary.  295. 
MATERIALS:    For  constructions,  Chapter   XIV — For   repairing  siege  carriages, 

335 — For  repairing  fortress  carriages,  340 — Strength  and  weight,  399  to  410. 
MATHEMATICAL  formulae  and  data,  435. 


MA  II..   116. 

MEASURES,  r.  B.  and  Foreign:  Length,  ill— Surface,  414— Solidity,  414— Ca- 
pacity, 415— Weight,  U6— Value,  118. 

MEASUREMENT,  of  timber  and  boards,  381. 

MECHANICAL  MANOEUVRES]  Field  artillery,  848— Siege  artillery,  :'.ll— 
Mortar  wagon,  .':r.>     Gtarrison  artillery,  853—  Qin,  854, 

MBCHANICAL   POWERS,  4.-J2. 

MELTING   POINTS,  of  Bolids,  123. 

MEN  :    Working  power,  etc.,  419 

MEN'S    HARNESS:  Description,  117— Weight,  118. 

MENSURATION.  135. 

METALS:  For  constructions,  382 — Storage  and  preservation,  393 — Relative  due- 
tilitv  and  malleability,  399 — Strength  and  treight,  399  to  4oo — Expansion,  by 
heat,  422. 

METRES  :   Table  for  reduction  to  inches,  413. 

MONEY,  418. 

MORTARS:  Dimensions  and  weights,  7— Proof,  18,  19— Reds,  50,  57— Platform, 
51,  57 — Implements  and  equipments,  Chapter  IV;  339 — Mechanical  manoeu- 
vres, 350. 

MORTAR  WAGON:  Nomenclature,  46— Dimensions  and  weight,  57— Bill  of  tim- 
ber, 70 — Bill  of  iron,  89 — Mechanical  manoeuvres,  349. 

MOUNTAIN  ARTILLERY,  Chapter  VI— Dimensions  and  weight  of  howitzer, 
6 — Of  carriages  and  equipment,  145 — Ranges  of  howitzer,  148 — Composition  of 
a  battery,  331. 

MUSKET  :  Nomenclature  of  percussion,  157 — Flint,  159 — Alteration  of  flint  to 
percussion,  159 — Dimensions  and  weights,  163 — Inspection,  164 — Packing, 
181— Strength  of  barrels,  196. 

MUSKETOON  :  Cavalry,  160— Artillery  and  Sappers,  161— Dimensions  and 
weights,  163. 

N. 

NAILS  :    Wrought  and  Out :   Dimensions  and  weights,  64 — Hone  Shoe,  310. 

NEEDLE,  magnetic:  Declination  and  dip,  426. 

NOSE  BAG,  125. 

NUTS  :   Classification  and  dimensions,  63. 

0. 

OATS  :   Weight  of  a  bushel,  419. 

ORDNANCE:  Kinds  and  calibres,  1 — Nomenclature,  2 — Designation,  4 — Inspec- 
tion, 10 — Proof,  10 — Marks,  19 — Injuries  in  service,  19 — Spiking  and  un- 
spiking,  20 — Preservation,  21 — Table  of  foreign  ordinance,  2.'J — Proportion  for 
a  field  train,  329 — For  a  siege  train,  332. 

P. 
PACKS,  for  mountain  service,  146. 

PACK  SADDLE:  Nomenclature,  133— Wci-ln,  146— Bill  of  timber,  146— Bill  of 
iron,  L48. 


PACKING  :  Small  arms,  181— Fixed  ammunition,  260. 

PACKING  BOXES:  For  muskets.  1M— For  rifles  and  pistols,  183— For  balls. 
245 — For  pereussimi  cartridges,  240 — For  fixed  ammunition,  260 — For  percus- 
sion caps,  281 — For  field  forge,  307 — For  field  battery  wagon,  311,  313 — For 
park  forge,  31fi — For  park  battery  wagon,  319,  322. 

PAINT  :  Preparation,  CHAPTER  VII — Quantity  and  kind  required  for  a  carriage, 
151 — For  tarpaulins,  151 — Brainard's,  151. 

PAPER  :  For  laboratory  purposes,  239 — For  small  arm  cartridges,  245 — For  field 
ammunition,  257 — Cartridge  bags,  263 — Drawing,  dimensions  of,  418. 

PARK  :  Field,  composition  of,  331. 

PASS  BOX,  110. 

PASTE,  240. 

PENDULUM  HAUSSE  :  Construction  of,  112. 

PENDULUM,  ballistic:  Used  for  proving  powder,  221. 

PENDULUMS  :  Length  for  a  given  time  of  vibration.  427. 

PENETRATION  of  balls:  In  masonry,  368,  372— In  wool,  369,  372,  373— In 
earth,  370 — In  fascines  and  wood,  371 — In  cast  iron,  372  —  In  paper,  373. 

PERCUSSION  CAPS,  for  small  anus:  Manufacture,  278 — Number  required  for 
oartridges,  248,  829. 

PERCUSSION  PRIMERS,  for  cannon  :  Manufacture,  283— Number  required  for 
field  ammunition,  303. 

PEWTEE  :   Composition,  393— Melting  point,  422. 

PICKAXE.  117— Weight.  118. 

PILING  BALLS,  33— Table  of  piles.  34. 

PIPES  :  Weight  of  iron,  408. 

PISTOL  :  Nomenclature,  161— Dimensions  and  weight,  163— Proof,  169— Pack- 
ing, 183. 

FITCH  :  Manner  of  making,  398. 

PITCHED  FASCINES  :  Preparation  of.  294. 

PLATFORM  :   For  mortars,  51,  57 — For  siege  guns,  number  required,  335. 

PLUMMET,  for  mortar  service,  115. 

POINTING  WIRE,  for  mortars,  115. 

PORTFIRES  :  Manner  of  making,  273— Number  required  for  field  service,  303. 

PORTFIRE  CASE,  110— Weight,  118. 

PORTFIRE  STOCK,  110— Weight,  lis. 

PORTFIRE  CUTTER,  111— Weight,  118. 

POWDER:  See  Gunpowder. 

POWDER  MEASURES  :   Dimensions  of,  115,  116. 

POWERS,  of  numbers,  452. 

PREPONDERANCE  of  cannon:  Definition,  4 — Of  guns,  5— Of  columbiads  and 
howitzers,  6. 

PRIMERS  for  cannon:  Friction.  281 — Percussion,  283 — Number  required,  for 
field  ammunition.  303  :  for  sie^e,  333;  for  forts,  338. 

PRIMING  HORN,  111— Weight,  118. 

PRIMING  WIRE,  111. 


PRIMING  TUBES:  Manufacture,  271— Number  required,  303,  333,  338. 

PROGRESSION:  Arithmetical  and  geometrioal,  189. 

PROJECTILES:    See  Shot  am.  Sihi.i  -  :  BALLISTICS. 

PROLONGS:    For  Field  Description,  116;  ».ight,  118— F&r Maehameai 

MlllKl  1IVII  ",    .".  l.'l. 

PROOF:   Of  [run  for  ordnance,  10— Of  ordnance,  16— Of  shot  31— Of  small  arras. 

Of  swords  and  sabres,  199— Of  gunpowder,  219 — Of  chains,  66,  102. 
PULLEY  :  Power  of,  132. 
PULLEY  BLOCKS,  for  gins,  51,  52. 
PYROMETER  :  Wedgewood's,  420. 

Q. 

QUICK  MATCH,  270. 

QUOIN  for  mortar  beds,  115— Weight,  118. 

R. 

RACKS,  for  small  arms,  184. 

RAIN  :    Quantity  that  falls  annually,  426— Of  fire,  288— Gold,  288. 

RAMMERS  :    Heads,  103— Staves,  107— Finished,  108. 

RANGES  of   ordnance:    Mountain   howitzer,  IIS — Field   guns   and    howitzers,  359, 

360 — Siege  and  garrison  guns  and  howitzers,  361 — Columbiads,  363 — Mortars, 

304— War  rockets,  365. 
RASPS:    Kinds  and  sizes,  392. 
RED  HEAT  of  iron,  423. 

REPAIRS  :   Of  small  arms,  190  to  196 — Of  side  arms  and  accoutrements,  205. 
RESISTANCE  of  the  air,  to  motion  of  projectiles,  431. 
RIFLE:   Nomenclature,  160 — Dimensions  and  weight,  163 — Inspection  and  proof, 

166,  L 69— Accoutrements,  202. 
RINGS,  for  chains:   Dimensions,  65. 
RIVETS:   Dimensions  and  forms,  64. 

ROCKETS  :   Signal,  284— War,  289— Ranges  and  weights  of  Hale's,  365. 
ROPES:    For  siege  train,  335 — For  forts,  340 — For  mechanical  manoeuvres,  846 

Quality  and  kinds,  394 — Splicing,  394 — Strength  and  weight,  403. 

S. 

SABOTS:   For  mountain   howitzer  ammunition,  136 — For  field  ammunition,  252 — 

For  heavy  shells,  264. 
SABRES  ;    Cavalry  and  artillery,  198. 

SADDLE  :    For  field  artillery  harness,  123,  127— Pack,  133,  145. 
SAPPERS  :   Musketoon,  161,  163— Accoutrements,  204. 
SCRAPER,  for  shoes,  115. 

SCREW  :  Mechanical  power,  433 — Table  of  wood  screws,  65. 
BCREW  JACK,  lis. 

SEGMENTS,  of  circles:  Table  of  areas,  451. 
SERPENTS,  for  rockets,  288. 


SHEET  METALS:  Gauge,  66— Weight,  407. 

SHEET  IRON j  Properties,  390— Weight,  mo.  407. 

SHEET  TIN,  391. 

SHELLS:  Dimension  and  weights.  27 — To  compute  weight  of,  30 — To  find  the 
quantity  of  powder  to  fill  a  shell,  30 — inspection,  30 — Strapping :  For  moun- 
tain howitzer,  136  j  for  field  service,  253  :  for  siege  and  garrison  carriage,  264 — ■ 
Charging:  For  mountain  howitzer.  137 j  for  field  service.  255;  for  mortars, 
267;  for  heavy  ordnance,  268;  Unloading,  298— Ranges,  148,  360,  365— Pene- 
trations, 369  to  372. 

SHELL  HOOKS,  115. 

SHELL  PLUG  SCREW,  114. 

SHOT:  Dimensions  and  weights,  27 — To  compute  weight  of,  30— Inspection,  30 — 
Piling  and  preservation,  32— Ranges,  359  to  363— Penetrations,  :i68  to  372— 
Expansion  hy  heat,  375. 

SHOVEL  :    Dimensions,  117— Weight.  1 1  B. 

SIEGE  ARTILLERY:  Ordnance:  Kinds,  1  ;  dimensions  and  weights,  5,  6,7; 
proportions,  in  a  siege  train,  332 — Carriages:  Nomenclature,  44 — dimensions 
and  weights,  56;  hills  of  timber,  70;  bills  of  iron,  86 — Equipment,  382 — Me- 
chanical manoeuvres,  844. 

SIEGE  TRAIN,  332. 

SINES  :   Table  of  natural  sines  and  tangents.  4  II. 

SLING  :   For  guns,  356. 

SLING  CARTS  :  Nomenclature,  32 — Dimensions  and  weights,  62 — Bill  of  timber, 
75 — Bill  of  iron,  101 — Mechanical  manoeuvres,  351. 

SLOW  MATCH:  Preparation,  269— Quantity  for  field  ammunition,  303— For  siege 
train.  333— For  forts,  338. 

SMALL  ARMS.  CHAPTKB  VIII — Nomenclature,  157 — Dimensions  and  weights, 
163 — Inspection,  164 — Packing,  181 — Storage,  184 — Repairs,  190 — Ammuni- 
tion, 243 — For  armament  of  forts,  388. 

SNOW:   Limits  of  perpetual  snow,  426. 

SOLDER:    Composition,  393— Melting  points,  423. 

SOLDERING,  391. 

SOUND  :    Velocity,  425. 

SPARE  PARTS,  for  repairs:  Small  arms,  193 — Side  arms  and  accoutrements, 
205 — Field  carriages  and  equipments,  331  ;  see  also  Equipment — Siege  car- 
riages, 335 — Fortress  carriages,  340. 

SPATULA,  for  mortar  service,  115. 

SPECIFIC   GRAVITIES:  Tables  of,  409,  410. 

SPHERICAL  CASE  SHOT:  Dimensions  and  weights,  28— Inspection,  30— .For 
Mountain  Howitaer  :  Fixing  and  charging.  137 — Far  Field  Service:  Charge  for 
firing,  250;  strapping,  253  ;  charging,  255  ;  weights,  fixed,  259 :  packiug,  260; 
proportion  for  a  battery,  330  ;  ranges,  359  ;  initial  velocities,  365 — For  Siege 
Service:  Charging,  255:  strapping,  264;  proportion  for  siege  train,  333 — 
Fuzes,  276. 

SPIKING  ordnance,  20. 

SPLICING  ropes,  394. 

SPLINTS  for  mortar  service,  115. 


-Will  INDEX. 

SPONGES,  101  —Heads,  104— Covers.  105— Staves.  106— Weights.  L08,  11-. 

SPONGE   BUCKET:  Description,  110— Weight,  118. 

8QU  \  RES  and  roots,  of  numbers,  452. 

STABS,  for  rockets,  287. 

STAVES,  for  implements:   Dimensions,  106— Bill  of  plank,  108. 

BTE  \.M  :  Elastic  force,  425 — Horse  power,  120. 

STEEL:  Kinds  and  projicrt ios,  .".S7  llardeniiig  and  tempering,  389 — Strength, 
399,  402. 

STONE  .MORTAR:   Dimensions  and  weight,  7— Proof,  18— Charge,  838. 

STORE  TRUCK  :  Nomenclature,  53— Weight.  54 

STRAPS,  for  shot  and  shells:  Field,  253— Siege  and  garrison,  264 

STRAPPING  shut  and  shells:  For  mountain  howitzer,  136— For  field  service.  253, 
255 — For  siege  aud  garrison  service,  264. 

STRENGTH:  Of  iron  for  guns,  9— Of  musket  barrels,  196— Of  materials,  399, 
402— Of  chains,  402— Of  hemp  and  iron  wire  ropes,  403— Of  ice,  425. 

SWORDS  and  sal. res:  Nomenclature,  198 — Dimensions  and  weights,  199 — Inspec- 
tion and  proof,  199 — Packing,  2U0 — Cleaning,  201. 


TABLES:  United  States  ordnance,  5,  6,  7 — Foreign  ordnance,  23 — Shot  and 
shells.  27 — Lead  balls,  29 — Cast  iron  balls,  30 — Piles  of  balls,  34 — Dimensions 
and  weights  of  artillery  carriages,  55  to  62 — Bolts  and  nuts,  63 — Wood  screws, 
65 — Finished  implements,  108,  118 — Dimensions  of  parts  of  harness,  128 — 
Small  arms,  163 — Fixed  ammunition,  259 — Ranges  of  mountain  howitzers, 
148  —  Ranges  of  field  guns  and  howitzers,  359 — Ranges  of  heavy  ordnance, 
361 — Ranges  of  Hale's  rockets,  365 — Initial  velocities,  365 — Board  measure, 
381— Files  and  rasps,  392— Weight  of  iron,  404  to  407— Equivalent  vulgar  and 
decimal  fractions,  107 — Cast  iron  pipes,  408 — Specific  gravities,  409— Weights 
and  measures,  111  to  417 — Coins,  41S — Regular  polygons,  43ii--Natural  sines 
and  tangents,  441  —  Circular  segments,  451 — -Areas  and  circumferences  of  cir- 
cles, 443,  452 — Powers  and  roots  of  numbers,  452. 

TANGENTS  :  Table  of  natural  tangents,  441. 

TANGENT  SCALES:  For  field  guns  and  howitzers,  111,  112. 

TAR,  398. 

TAR  BUCKET:  Description,  116— Weight,  118. 

TARPAULINS  :  Dimensions,  115— Weights,  118— Painting,  151. 

TARRED  LINKS,  294. 

TENACITY:   Of  gun  iron,  9— Of  various  materials,  399,  402. 

TEST:  Of  gun  iron,  9,  10— Of  saltpetre:  rough,  209  ;  refined,  212— Of  bar  iron, 
384— Of  steel,  3S9— Of  files,  392. 

Ill  ERMOMETERS:   Comparison  of  different  scales,  420. 

THUMBSTALL,  111. 

TIMBER  :  For  artillery  carriages,  67  to  75 — For  implements,  109 — For  mountain 
howitzer  carriage,  etc.,  146 — For  repairs  of  siege  carriages,  335  -For  repairs 
of  fortress  carriages,  340 — Kinds  of  trees,  377 — Selection  and  felling,  378 — 
Defects,  379— Seasoning  and  Preserving,  379— Measuring,  881— Strength,  399, 
400— Weight,  409. 


TIN  :   Sheet,  391— Strength,  399— Weight,  409— Melting  point,  423. 

TINNING,  iron  and  copper,  391. 

TOMPIONS,  for  mortars  and  howitzers,  115. 

TOOLS:  For  equipment  of  mountain  artillery,  142,  144 — Armorer's,  for  arsenals, 
192 — Laboratory.  231 — For  field  forge,  308 — For  field  battery  wagon,  311 — For 
park  forge,  311) — For  park  battery  wagon,  320 — For  siege  train,  336 — For  ar- 
mament of  forts,  340. 

TORCHES  :    Preparation,  295. 

TORSION:   Resistance  of  bodies,  401. 

T.OURTEAUX  (tarred  links),  294. 

TOW  HOOK  :  Dimensions,  115— Weight,  118— Number  required,  305. 

TRAJECTORY  of  a  ball :    In  vacuo,  428— In  the  air,  430. 

TRIGONOMETRY:   Formuhe,  4  10. 

TRUCKS:   Casemate,  53— Store,  53— Weights.  64. 

TUBES,  priming:   Metal.  271— Quill,  272— Friction,  281. 

TUBE  POUCH:    Description,  110— Weight,  lis. 

u. 

UNSPIKING  cannon,  21. 


VALENCIENNES  COMPOSITION,  291. 

VALISE:  Artillery  driver's,  1J1. 

VALUE  of  foreign  coins,  418. 

VARIATIONS  allowed :   In  iron  ordnance,  14 — In  brass  ordnance,  16. 

VARNISH:  For  patent  leather,  154 — Copal,  154 — Japan,  155— For  percussion 
caps,  280. 

VEGETATION:    Limits  of  growth  of  various  plants,  426. 

VELOCITIES,  initial:  Of  cannon  balls,  365— Of  lead  balls,  367— Loss  by  wind- 
age. 367 — Formula  for  computing,  432. 

VELOCITY  of  balls:  loss  by  the  resistance  of  the  air,  431;  final  velocity  of 
descent,  431— Of  sound.  425— Of  the  wind,  425. 

VENT  :    Position  and  diameter,  3. 

VENT  COVER,  114,  118. 

VENT  PIECE,  for  brass  ordnance,  3. 

VENT  PUNCH,  111. 

w. 

WADS :  Fabrication,  268 — For    proving   ordnance,  17,  18 — For    firing    hot  shot, 

374. 
WAR   ROCKETS   289— Ranges,  365. 

WASHERS,  for  bolts  :    Classification  and  dimensions,  63. 
WATER  :   Weight  of  cubic   foot,   410,   417— Maximum    density,   410 — Density   at 

different  temperatures,  423 — Allowance  for  man  and  horse,  419. 


XX  INDEX. 

WATER  BUCKET:   For  forge,  117— For  garrison  service,  117— Weights,  118. 

WATERING   BUCKET,  for  Deld  service,  117,  118. 

WEDGE  :    Mechanical  power,  433. 

WEIGHTS:  Guns,  5 — Columbiads  and  howitzers,  6 — Mortars,  7 — Foreign  ord- 
nance, 23— Shot  and  shell,  27,  28,  211—1.0:1(1  balls.  29— Cas(  iron  balls,  30— 
Field  £ini  carriages,  55 — Siege  gun  carriages,  56 — Field  and  siege  wagons, 
ammunition  chests  and  mortar  beds,  47 — Barbette  carriages,  59 — Casemate 
carriage.  61 — Sling  carts  and  gins,  62 — Trucks,  54 — Artillery  implements, 
108 — Equipments,  118 — Harness.  127 — Gun  carriage  and  equipment  for  moun- 
tain artillery.  145 — Small  arms,  163 — Boxes  of  arms,  183 — Swords  and  sabres, 
199 — Accoutrements,  207 — Percussion  cartridges,  packed,  249 — Fixed  ammu- 
nition, 259 — Field  ammunition,  packed,  260 — Gun  carriages  and  caissons, 
equipped  for  service,  306 — Forges  and  battery  wagons,  equipped  for  service. 
328 — Chains,  402 — Hemp  and  wire  ropes,  403 — Bar  iron.  11)1,  407 — Various 
metals,  406,  107— Iron  pipes,  408 — Various  materials  (specific  gravities),  400 — 
United  States  and  Foreign  weights,  416,,  417. 

WELDING  :   Composition  for  welding  iron  and  steel,  390. 

WHEAT  :  Weight  of  a  bushel,  419. 

WHEEL:  Field:  Nomenclature,  39 ;  size  and  weight,  55 — Siege:  Nomenclature. 
45;  size  and  weight,  56 — Bafbette:  Nomenclature,  47 ;  size  and  weight,  59 — 
Casemate:  Size  and  weight,  61 — Sling  carts,  53,  62. 

WHEEL  AND  AXLE  :    Mechanical  power,  433. 

WHEELS  AND  PINIONS:  Power,  433. 

WHIP,  for  artillery  driver,  124. 

WIND:  Velocity  and  force,  425. 

WINDAGE  of  balls:  Definition,  3—  Amount,  5,  6,  7— Loss  of  velocity,  by,  367. 

WIPER,  for  mortars,  115. 

WIRE  GAUGE,  66. 

WIRE  ROPE,  iron  :   Strength  and  weight,  403. 

WOOD:  See  Timber. 

WOOD  SCREWS:  Classification  and  dimensions.  65. 

WORMS,  106,  108. 


E  RRATA. 
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xvi — Fifth  line  from  bottom  for  shoes  read  shells. 
xvii — Sixth  line,  for  carriage  read  cannon. 
xvii— Twenty-third  line  for  38  read  52. 
xvii— Twenty  ninth  line  for  388  read  388. 
xx — Seventh  line,  for  47  read  57. 

xx— Fifteenth  line,  for  4 •ead  W9. 

4 — Sixth  line  from  bottom    for  be  a  foreign 

read  be  fo 
0— Dimensions  of  24-pdr.  iron  Siege  ami 
Garrison   Howitzers.  4th  line,  for  915. 
read  9.15. 
6— Dimensions  of  24-pdr.brass  Fold  How- 
itzers, 4ih  line,  for  966.  read  9.66. 
6 — Dimensions  of  10-iu.  iron  Sea-coast  How- 
itzers, 6th  line  for  9.2  read  9.5. 
6— Dimensions  of  24-pdr.  iron  Siege  and 
Garrison   Howitzers.  7th  line,  for  462. 
ri  62. 
6— Dimensions  of  Sin.  iron  Columbiads, 

16th  line,  for  7.5  read  6.5. 
o — Dimensions  of  10-in.  iron  Sea-coast  How- 
itzers. 16th  line,  for  6.6  read  7.6. 
6 — Dimensions  of  10-ln.  Iron  Sea-coast  How- 
itzers, -'l  line  from   iotti  oi 
9,500. 

s— nth  tin)  from  bottom  I >n  ad  20. 

10 — Third  line  from  bottom 

1 1  -Diameter  of  Vent,  last  column, 

read 
J0— Third  line  from  bottom,  for  but  read  put. 
23— Last  column,  Weight  23d  line,  for  2.609 

read  - 
24 — Fourth  column,  2d  line,  for  127.4"  read 

2ft  -Fifth  column,  22d  line,  for  118.60  read 

IIS. 50. 

26— Sixth  column,  6th  line,  for  1.77::  read 

1,776. 
29— Table  of  Canister  Shot,  head  of  3d  col- 

umn,  for  42-pdr.  read  24-pdr. 
34— Last  linelSth  column,  for  2662  read  2622, 
62 — Third  Line  for  level  read  bevel. 
52— Twenty-sixth  line  foi  id  2. 

64 — Table  of  Rivets.  2d  column,  2d  line,  for 

,85  read  .75. 
66— Table  n(  Rings,  exterior  diameter,  last 

line,  for  1 .24  read  1.26. 
71 — Last   column,   11th   line  from   bottom. 

for  10.11  read  19.12, 
76— Third  column,llth  line  for  12.5  read  1.25 
81— First  column,  12th  line,  for  i.2fl  , 
81— Second  column,  3d  line  from  bottom, 

tor  2.2  read  -  5 
86— Seventh  column,  9th  line,  for  18.12  read 

18.11. 
91— Third,  column,  4th  line,  for  5.21  n 
93— Last  column,4th  line,  for  8.65  re 
93— Seventh  column,  24th  line,  for  .12  read 

.42. 
93— Last  column,  17th  line  from  bottom,  for 

16.27  read  16.26. 
98 — Fourth  column.  6th  line  from  bottom, 

for  92  .24  read  927.24. 


ii4 — Seventh  column.  14th  line,  for  5. read  .5. 
103— Fifth  line  for  0.5  inch  thick  read  0.05. 
108—  Weight    of  Sponge,    33-pdr.    sea-coast 

gun,  for  40.  read  10. 
108— Table  of  Plank, 3d  column,  last  line,  for 

17.i  1'ead   ' 

109— Bills  of  Timber,  last  column.  2d   line. 

for  211.96  read  211.26. 
Ill— Eighth  line  for  ".7."-  read  0.176. 
112 — Seventeenth  line  form  read  to. 
113— Table  oil  it  S  lies,  4th   column. 

1°.  for  1.128  read  1.138. 
116 — Twenty  sec nifl  line   for   limber  chest  read 

cheats. 

12] — Seventeenth  line,  for  hoops  read  loops. 
122 — Twenty-second  line,  for  chain  stra] 

-i  raps, 
127— Table  of  Harness,  weight.  Sth  line,  for 

1.1  read  1. 

128 — Last  column.  3d  line,  for  .4.'>  read  .75. 
128     I  lord  column,  7th  Line  from  b 
for  75.  read  25. 
-    aps  and  Rings  for  Shells,  2d  line  from 
bottom,  for  0.16  read  0.4.".. 
137— Tenth  line  tot  form  rtmdformer. 
140 — Last  line  for  rather  read  other. 

•nth   line  from   bottom    for   top.  read 
left  end. 

rtical  field  of  fire,  transpose  7°  and  9°. 
1G9—  Table  of  proof  of  barrels,  Sth  column, 

he.  for  '"'.525  read 

■  .nth  line,  for  used  read  g 
188 — Ninth  line,  for  back  read  lurk. 
189— Fourteenth  line,  for  0.46  rea  I 
193— Table  ol  -  next  to  last  col- 

umn,  third  line   from    bottom,  for  76 
read  75. 
194—  Last  Column,  last  line,  for  12  read  10. 

tteentfa    line    from    bottom,    after    0.09 
insert  inch. 
190 — Second  line  for  level  read  bevel. 

nth  line  after  second  insert  turn  : 

and  for  l-6000th  r.-ad  1-6 
217— Table.  1st  column, 2d  line,  for  4,98 
1,983. 
:  h  line,  for  surfact  read  fm 

i nth  line  from  bottom,  I 

239    Dimensions  of  Paper  for  fixed  ammu- 
nition, for  I:.'.,  read  25' ... 
sixth   line  from   bottom,  for  2-10th8   read 
l-10th. 
Second   line  from   bottom,  for  against   read 

Fourth     column    Of    table.    2d    line,    for 

n.75  read  11.5. 

249— Third  column, 3d  line,  for  11.5  read  n.75. 

260 — Fir^t  line  for  pieces  read  service. 

251— Seventh  line,  for  buttons  read  hntioms. 

1 263 — First  table,  last  line-  for  W,    read  cord. 

255— Table  of  Spherical  Case  shot,  last  col- 
umn, last  line,  for  2.5  read  5.5. 

|*255 — Sixteenth  line,  for  laid  read  link. 

257 — Seventh  line,  for  from  read  forms. 


240- 


KRRATA. 


289— Twelfth  line  from  bottom,  tat  from  the  tuba 

read  from  titi" i, 

i  1  20. 
381— Twonty-flral  line  for  from  read  form, 

i  wentv-tliird  line  for  ttianner  read 

:  ourtli  column,  9th  line  fr bottom, 

for  1900  read  1800. 
:      3eventb  column,  6th  line,  for  86.8  read 

65.8. 
881— Last  column,  Bth   line,  for  6.85) 

401 — Resistance  to  torsion:  in  formula,  for  <l 

read 
412 — Twentieth  line  for  Brass  read  Rrasse. 
412— Twenty-second  line  for  Fahr.  bead  Fr. 
414 — Tenth  line  from  bottom    for  46656    read 

416— Seventeenth  line,  read  one  before  cub 

416— Ni  leteenth  line,  for  4.4344  read  3.4314. 
422 — Table  of  Expansion  of  Solids,  3d  eol 

uiiin.  5th  line,  for  0.  read  1. 
423— Third  line  from  bottom,  for  148  read  149. 
424 — Boiling   point  of  sulphuric  acid,  for  5oo° 

read  B 
u —  I  iqual  i  N  of  the  traj  equation 

value  of  y):  in  second  term  of  second  mem 

ber.  for  x  read  .'■'■'. 
428 — E  [nation  "I  the  trajectory  (third  equation, 

value  of  x):  first  member,  for  xs  read  x. 

befo]         ''ii"  ill  insert  (in. 

4:;i — Friction — 9th  line,  before  motion  insert  the. 
•a  ii  (icneral   Formula  second  member  ol 

ad  -  it  ,J£(a — b 

44'.' — Fourth   column,  nth   line  from    bottom, 

26973. 
442 — Fourth  column,  12th  line  from  bottom,  for 
read  6888. 
iimn,  IStb  line,  for  3517  read    51 1. 
44! — Fifth  column    26th    line,  for  65.306   read 

444— First  column  mi.  line  for  .872  read  .875. 
444 — Second  column,  26th  line,  for  178.67  read 

444 — Fourth  column,  6th  line  from  bottom,  for 

.365  read  . 
44,')— Fifth  column    loth   line,  for  860.87    read 

MS— Fifth    column.    2.".th    line     t'1.1      »0.     ui    iva.l 

i  column  23d  line  for  102.98  r 

4Js — First  column,  19th  line  from  bottom,  for 
.726  read  .625, 

-ni.  column    18th  line  from  bottom,  for 
9  read  5248.9. 

44!i — Last  column.   12th  line  from  bottom,  fur 
259.2. 

:ii,  col u.  19th  line  from  bottom,  for 

',- 1., ..  read  6884.5 


PAGE 

451 — Table  of  circular  segments,  1st  c  ilunin,  1st 
line   for  ,10  i 

461 — Sixth  column,  9th  line,  read  .244980. 

451— Lasi  column,  last  line,  read 119. 

453 — Third  column,  24th  line,  for  21  read  24. 
453 — Third  column,  Ith  line  from  bottom, 

for  21  read  si. 
463 — Fifth  column,  last  line,  for  4.662  read 

4.642. 
454— Third  column,  12th  line  frum  bottom, 

for  10  read  19. 

454 — Sixth   column,  6th  line  from  bottom, 

for  .546  read  .647. 
456— Fourth  column,  26th    line,   for    18.226 

read  13.266. 
455 — Sixth  column,  mU  line  from  bottom, 

for  226.  read  255. 
456 — Sixth  column,  2d  line  from  bottom,  for 

.741  read  .471. 
457 — Sixth  column,  last  line,   for  .836  read 

•835. 
457— Laat  column, 24th line,  for  .797  read  .79. ;. 
168—1  hird  column,  4th  lin  iad  28o. 

458 — Fourth    column,  lTtli  line,  for  17.704 

read  17.804. 
158— Last  column,  13th  line,  for  .418  rei 
169— Sixth  column,  22d  line,  for  6 
459— Last  column,  2d  line,  for  .849  re  u 
459 — Last  column,  3d  line,  t'<>r  .972  read  .982. 
460 — Second  column.  24th  line,  for  796  read 

776. 
460 — Second  column.  35th  line,  for  255  read 

225. 
40n— sixth  column, 6th  line.  Tor  12  read  12. 
.  i  ilumn,  151  h  line,  for  525  read 

463 — Third  column,  3d  line  from  bottom,  for 

849  read  B47. 
463— Last  column,  17th  line  from  bottom,  for 

1832.  read  1834. 
464 — Second  column.  4th  lino  from  bottom, 

read  418609. 
464— Last  column,  18th  line,  for  1911.  read 

1941. 
466— Third  column,  15th  line,  for  76259  read 

79625. 
465— Sixth  column,  12th  lino,  for   334  road 

344. 
(us.  Third  column,  20th  line,  for  8600  read 

8000. 

469— Fourth  column, 4tb  line,  for  20.  read  29. 
ion— Filth  column.  18th  lino,  for  9.S32  read 

9.621. 
47o— Third  column,  14th  line  from  bottom, 

for  88  read  53, 
470 — Last  column,  27th  line,  for  2916.  read 

2912. 

-171—  sixth  column,  3d  lino  from    bottom, 
read  782259.72. 
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Chapter    First 


ORDKANCE. 

Tho   following  are  ihe  kinds  and  calibres  of  ordnance  used  in  the  land  service 
ol  the  Confederate  Slates  : 


KIND  OF  ORDNANCE. 


\  Field. 


'iTfNS 


Siege  and  garrison. 
Seacoast  


f  Mountain. 
Field 


Howitzers  .  . 


Siege  and  garrison.  ] 
Seacoast  \ 


C'OMJHBiAns. 


Mortars  . . .  -j 


Light. 
Heavy 


Stone  mortar. 

]  Coehorn 

[  Eprouvette  . . 


6-ponncler  . . . 
12-pounder  . . . 

12-poiinder  . . . 
18-pounder  . . . 
24-pounder  . . . 
32-pounder  . . . 
12-pounder  . . . 

12-pounder  . . . 
12-pounder  . . . 
24-pounder  •  • . 
32-pounder  . . . 


8-inch 

24-pounder 

8-inch 
10-inch 


8-inch 
IC-inch 

8-inch 
10-inch 
10-inch 
13-inch 


1 6-inch  .... 

24-pounder 
24-pounder 


Bronze 


\  Iron. 


-  Bronze 
J 


Iron. 


[  Bronze 
Iron 


J-  Plate  1. 


Plate  2. 
Plate  10. 

Plate  2. 


Plate  9. 


Plate   2. 


A  12-inch  columbiad,  of  cast  iron    has  also  been  made  for    trial. 

The  plates   and  the  tables  of  dimensions  and  weights  refer  to  the  latest  pat- 
terns. 

For  the  description  of  ordnance  of  former  patterns,  see  the  first  edition  of  this 
Manual. 
1 


-ORDNANCE. 


Nbmenclatun . 

The  forma  of  the  several  pieces  of  ordnance  are  shown  in  the  Plates  referred 
to  in  the  hist  column  of  the  preceding  table. 

Cannon  made  of  bronze  are  commonly  called  brass  cannon. 

The  cascable  is  the  part  of  the  gun  In  rear  of  the  base  ring;  it   i<  con 
generally  ft  the  following  parts:  ihe&ttob,  the  neck,  the  fillet,  and  the  base  of  the 

The  bast  of  the  breech  is  a  frustum  of  a  cone,  or  a  spherical  Begrnent,  in  rear 
of  the  breech. 

The  base  rh/g-  is  a  projecting  band  of  metal  adjoining  the  base  of  the  breech. 
and  connected  with  the  body  of  the  gun  by  a  concave  moulding. 

The  bteech  is  the  mass  of  solid  metal  behind  the  bottom  of  the  bore,  extending 
to  the  rear  of  the  base  rimr. 

The  reinforct    is   the  thickest  part  of  the  body  of  the  gun,  in  front  of  the  base 

ring      if  there  is  re  than  one  reinforce,  that  which  is  next  to  the  base  ring  is 

called  lhe  first  reinforce;  the  other,  the  second  reinforce.  In  some  howitzers, 
instead  ii|'  a  reinforce,  there  is  a  recess  in  the  metal  around  the  chamber  next  to 
the  base  rinir. 

The  reinforce  ban//  is  at  the  junction  of  the  first  and  second  reinforces  in  the 
heavy  howitzers  and  columbiads. 

The  chase  is  the  conical  part  of  the  ami  in  front  (if  the  reinforce. 

The  astragal  and  fillets,  in  field  guns,  ami  the  chase  ring  in  Other  pieces,  are 
the  mouldings  at  the  front  end  of  the  chase. 

The  neck  is  the  smallest  part  of  the  piece,  in  front  of  the  astragal  or  the  chase 
ring. 

The  swell* of  the  muzzle  is  the  largest  part  of  the  gun  in  front  of  the  neck.  It 
is  terminated  by  the  muzzle  mouldings,  which,  in  field  and  siege  guns,  consist 
of  the  lip  and  the  fillet.  In  the  seacoast  guns  and  heavy  howitzers  and  colum- 
biads there  is  no  fillet.  In  field  and  siege  howitzers,  and  in  mortars,  a  muzzle 
band  takes  the  place  of  the  swell  of  the  muzzle. 

The  face,  of  the  piece  is  the  terminating  plane  perpendicular  to  the  axis  of  the 
bore. 

The  trunnions  are  cylinders,  the  axis  of  which  are  in  a  line  perpendicular  to 
the  axis  of  the  bore,  and  in  the  same  plane  with  that  axis. 

The  rimbaset  are  short  cylinders,  uniting  the  trunnions  with  the  body  ol  the 
gua.  The  ends  of  the  rimbases,  or  the  shoulders  of  the  trunnions,  &re  planes 
perpendicular  to  the  axis  of  the  trunnions. 

The  bore  of  the  piece  includes  all  the  part  bored  out,  viz :  the  cylinder,  the 
chamber,  (if  there  is  one,)  and  the  conical  or  spherical  surface  connecting  them. 

The  chamber,  in  howitzers,  columbiads  and  mortars,  is  the  smaller  part  of 
the  bore,  which  contains   the  charge  of  powder.     In  howitzers  and  columbiads 


NOMENCLATURE.  $ 

the  chamber  is  cylindrical  ;  it  is  united  with  the  large  cylinder  of  the  bore  by  a 
conical  surface  ;  the  angles  of  intersection  of  this  conical  surface  with  the  cylin- 
ders of  the  bore  and  chamber  are  rounded  (in  profile)  by  arcs  of  circles.  In 
the  8-inch  siege  howitzer,  the  chamber  is  united  with  the  cylinder  of  the  bore 
by  a  spherical  surface,  in  order  that  the  shell  may.  when  necessary,  be  inserted 
without  a  sabot. 

A  conical  chamber  which  is  joined  to  the  cylinder  of  the  bore  by  a  portion 
of  a  spherical  surface  (as  in  the  8-ioch  and  10-inch  light  mortars)  is  called  a 
Gamer  chamber. 

The  bottom  of  the  bore  is  a  plane  perpendicular  to  the  axis,  united  with  the 
sides  (in  profile)  by  an  arc  of  a  circle,  the  radius  of  which  is  one-fourth  of  the 
diameter  of  the  bore  at  the  bottom.  In  the  eolumbiads,  the  heavy  seacoasi 
mortars,  the  stone  mortar,  and  the  eprouvette,  the  bottom  of  the  bore  is  hemi- 
spherical. 

The  muzzle,  or  mouth  of  the  bore,  is  chamfered  to  a  depth  of  0.13  inch  to 
0.5  inch,  (varying  with  the  size  of  the  bore.)  in  order  to  prevent  abrasion,  and  to 
facilitate  loading. 

The  true  windage  is  the  difference  between  the  true  diameters  of  the  bore  and 
of  the  ball. 

The  axis  of  the  vent  is  in  a  plane  passing  through  the  axis  of  the  bore,  per- 
pendicular to  the  axis  of  the  trunnions.  In  guns,  and  in  howitzers  having 
cylindrical  chambers,  the  vent  is  placed  at  an  angle  of  B0°  with  the  axis  of  the 
bore,  and  it  enters  the  bore  at  a  distance  from  the  bottom  equal  to  one-fourth  the 
diameter  of  the  bore 

The  diameter  of  the  vent  is  two-tenths  of  an  inch,  in  all  pieces  except  the 
eprouvette  in  which  it  is  one-tenth. 

The  vents  of  brass  guns  are  bored  in  vent  piece.*,  of  wrought  copper,  which 
are  screwed  into  the  gun. 

The  lock  jiiece  is  a  block  of  metal  at  the  outer  opening  of  the  vent,  in  sonir 
pieces  of  ordnance,  to  facilitate  attaching  a  lock  to  the  cannon. 

The  natural  line  of  sight  is  a  line  drawn  in  a  vertical  plane  through  the  axis 
of  the  piece,  from  the  highest  point  ot  the  base  ring  to  the  highest  poitit  in  the 
swell  of  the  muzzle,  or  to  the  top  of  the  sight,  if  there  is  one. 

The  natural  angle  of  sight  is  the  angle  which  the  natural  line  of  sight  makes 
with  the  axis  of  the  piece. 

The  disjiart  is  the  difference  of  the  semi-diameters  of  the  base  ring  and  the 
swell  of  the  muzzle  or  the  muzzle  band.  It  is,  therefore,  the  tangent  ot  the 
natural  angle  of  sight,  to  a  radius  equal  to  the  distance  from  the  rear  of  the  base 
ring  to  the  highest  point  of  the  swell  of  the  muzzle,  the  sight,  or  the  front  of  the 
muzzle  band,  as  the  case  may  be. 

The  preponderance  of  the  breech  of  the  gun  is  the  excess  of  weight  of  the 
part   in   rear  of  the  trunnions  over  that  in  front :  it  is  measured  by  the  weight 


CHAP.     I. ORDNANCE. 


.•.  huh  il  ia  necessary  to  apply  in  the  plane  of  the  muzzle  to  balance  the  gun 
when  suspended  freely  on  the  axis  of  the  trunnions. 

The  handles  of  the  gun  are  placed  with  their  centres  over  the  centre  of  gravity 
oi  the  piece. 

The  6-ponnder  gun  and  the  12-pounder  howitzer  have  no  handles.  The  han- 
dle of  a  heavy  mortar  consists  of  a  elms,  which  is  attached  by  a  bolt  to  the  ear 
.if  the  mortar. 

The  eprouvette  mortar  is  cast  with  a  sole,  which  fits  into  a  cast  iron  bed  plot*, 
Soiled  to  the  platform. 

To  designate  a  piece  of  Ordnance. 

State  the  kind,  the  calibre,  (in  inches  if  it  be  a  foreign  ordnance,)  the  material, 
the  weight,  the  inspector's  initials,  the  number,  the  country  in  which  it  was 
made,  the  date,  the  place  of  fabrication,  the  founder's  name,  the  name  inscribed 
on  it.  its  condition  for  service,  the  kind  of  chamber,  if  any;  whether  it  has  a 
vent  piece,  a  lock  piece,  handles;  the  ornaments,  and  any  particular  marks 
which  may  serve  to  identify  it. 


DIMENSIONS    AND    WEIGHTS    OF    HUNS. 
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O  CHAP.     I.     -ORD.NAM   I. 

OF  THE    MATERIALS    FOR   ORDNANCE. 

Bronze. 

Bronze  for  cannon   (commonly  called   brass)  consists  of  90   parts  of  copper, 

and  10  of  tin,  allowing  a  variation  of  one  part  of  tin.  more  or  less.  It  is  mote 
fusil. le  than  eopper.  inueli  less  so  than  tin.  inure  sonorous,  harder,  and  less  sus- 
ceptible of  oxidation,  and  much  less  ductile  than  either  of  its  components.  Its 
fracture  is  of  a  yellowish  color,  with  little  lustre,  a  coarse  grain,  irregular,  and 
often  exhibiting  spots  of  tin,  which  are  of  a  whitish  color.  These  spots  indi- 
cate defects  in  the  metal;  but  they  seldom  contain  more  than  2">  per  cent,  of  tin. 
The  specific  gravity  of  bronze  is  about  8,700,  being  greater  than  the  mean  of  the 
specific  gravities  of  copper  and  tin. 

Pure  copper  is  of  a  red  color,  inclining  to  yellow;  it  has  a  fine  metallic  lustre. 
Its  fracture  exhibits  a  short,  even,  close  grain,  of  a  silky  appearance;  it  is  very 
ductile  and  very  malleable.  The  greater  the  purity  of  copper,  the  more  mallea- 
ble it  is,  and  the  finer  the  grain.     Specific  gravity  from  8,600  to  9,000. 

Pure  till  is  of  a  white  color,  a  little  darker  than  silver;  it  is  malleable,  and 
susceptible  of  being  rolled  into  sheets,  but  it  is  not  very  ductile:  it  is  very  soft, 
and.  when  bent  backwards  and  forwards,  it  gives  a  peculiar  crackling  sound,  the 
distinctness  of  which  is  in  proportion  to  the  purity  of  the  tin.  Specific  gravity. 
7,290  to  7,320; 

Analysis  of  bronze. — Nitric  acid  dissolves  the  copper  and  converts  the  tin  into 
an  insoluble  peroxide.  Put  into  a  small  glass  matrass  10  parts  (say  100  grains) 
of  bronze,  in  small  particles,  and  SO  parts  of  ve,ry  pure  nitric,  acid,  al  22 
Beau  me' 8  hydrometer  (specific  gravity,  1,180);  heat  it  gradually  to  ebullition. 
and  continue  that  heal  until  red  vapors  cease  to  come  over.  Let  it  settle;  pour 
oh"  the  liquor,  and  add  to  the  oxide  of  tin  3d  parts  of  nitric  acid;  let  it  boil  ten 
minutes;  decant  the  liquor  again,  and  repeat  the  same  operation  ;  dilute  the  lirsi 
portion  decanted  with  two  or  three  times  its  volume  of  water,  and  pass  it  through 
a  filter;  do  the  same  with  the  second  and  third  portions.  Then  throw  the  oxide 
of  tin  on  a  double  filter,  the  two  parts  of  which  are  equal;  wash  the  precipitate 
on  the  filler  until  the  water  that  comes  on"  no  longer  gives  a  blue  color  when 
healed  with  ammonia,  and  does  not  change  the  color  of  litmus  paper.  Spread 
the  filter  on  paper,  and  dry  it  perfectly  in  a  Stove  or  sand  bath.  Weigh  it,  add- 
ing the  exterior  filter  to  the  weights,  in  order  to  ascertain  the  quantity  of  perox- 
ide of  tin  which  remains  on  the  upper  filter:  127  parts  of  peroxide  give  100 
pails  of  pure  tin. 

If  lead  is  present,  it  will  be  dissolved  by  the  acid.  To  detect  it:  after  the  sol- 
ution is  cool,  add  sulphate  of  soda,  in  order  to  precipitate  the  lead  in  the  state  of 
an  insoluble  sulphate.  145  parts  of  which  contain  100  of  lead. 


MATERIALS    FOR    ORDNANCE. 


Cast  Iron. 

(See  also  Chapter  xiv.) 

Iron  for  making  cannon  mast  he  of  t lie  best  quality  of  charcoal  iron,  made  in 
a  .smelting-  furnace,  with  a  cold  blast,  and  should  be  selected  particularly  for  its 
strength.  It  should  be  soft,  yielding  easily  to  the  tile  or  chisel ;  its  fracture  pre- 
senting an  uniform  appearance;  color,  dark  grey:  aspect,  brilliant ;  crystals  ol 
medium  size. 

When  cast  into  cannon,  it  should  approach  that  degree  of  hardness  which 
resists  ibe  file  and  the  chisel,  hut  not  too  hard  to  be  bored  and  turned  without 
great  difficulty,  lis  color  a  bright,  lively  gray  ;  crystal  small,  with  acute  angles, 
and  sharp  to  the  touch;  structure  uniform,  close  and  compact.  If  the  pig  iron 
be  too  soli,  coarse  and  loose,  ils  strength  and  density  may  be  increased  by 
remelting  it  once  or  twice,  and  by  continuing  it  in  fusion  several  hours,  under  a 
high  heal. 

But  as  the  quality  of  cast  iron  cannot  be  accurately  determined  by  an  inspec- 
tion of  its  fracture  alone,  samples  taken  from  the  pig  iron,  and  from  the  sinking 
heads  of  cannon  are  submitted  to  practical  tests.  The  mean  specific  gravity  of 
pig  iron  is  7.00;  and  its  tenacity  is  about  16,000  pounds  to  the  square  inch. 

The  following  table  shows  some  of  the  results  obtained  in  the  trials  of  sam- 
ples liom  gun  heads  : 


DESIGNATION    OF    GUNS. 

IKON. 

DAT 

"Where  made. 

No. 

Kind. 

Weight. 

Specific 
gravity 

Tenacity 

1846. 

lbs. 

lbs. 

Richmond,  Va. 

28 

32-pdr.  S.  C.  guns 

7.2(10 

7.204 

20,396 

R  iebmond,  Va. 

25 

do.         do. 

7.2,10 

7.226 

^8,462 

July 

Pittsburgh,  Pa. 

33 

8-inch  colu mbiads 

9,237 

7.227 

27.133 

September 

Pittsburgh,  Pa. 

7 

6-inch  navy  guns 

6,280 

32,445 

November 

West  Point,  N.Y. 

37 

Siege  mortars, 
howitzers  &-  guns. 

7.236 

27,000 

1847. 

June 

Boston,  Mass. 

25 

24-pdr.  howitzers 

1,477 

7.222 

29,006 

184S. 

April 

Boston.  Mass. 

20 

24-pdr.  guns 

5,778 

7.297 

30,828 

West  Point. 

20 

32-pdr.  navy  guns 

0,437 

7.27 

30,086 

1849. 

West  Point. 

11 

S-incli  navy  guns 

11.943 

7.248 

31,430 

Boston,  Mass. 

35 

24-pdr.  howitzers 

1,500 

7.305 

36,651 

24 ; 

i 

7.248 

29,693 
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In  making  guns  from  iron  of  which  the  quality  is  not  known,  a  sample  gun 
is  made  and  proved  to  extremity  with  gunpowder.  The  gun  adopted  for  this 
proof  is  a  long  9-pounder  gun,  <>i  the  same  pattern  as  the  B-pounder  used  for  the 
same  purpose  in  Franco  and  Belgium.     It  is  tired  with  the  following  series  of 

charges,  viz  : 


1st. 

renin 

da, 

3 

pou  11 

ds 

of 

po 

wder, 

1  ball. 

1 

2d. 

20 

4.5 

<■ 

» 

2     ■' 

I 

3d. 

10 

" 

4.5 

" 

<• 

3     " 

i  Wil  bout  wads. 

■1th. 

5 

"' 

9 

u 

6     " 

1 

5th. 

— 

'• 

18 

k 

CI 

13     >• 

In  order  that  the  iron  shall  be  used  for  ordnance,  the  trial  gun  should  sustain 
the  lirst  four  series  of  rounds  without  breaking. 


INSPECTION  OF  ORDNANCE. 

Instruments. 

1  Star  gouge. — This  is  an  instrument  for  measuring  the  diameter  of  the  bore 
of  a  gun  at  any  part. 

The  head  is  of  brass,  with  four  steel  sockets  for  the  measuring  points.  Two 
of  the  sockets  are  soldered  fast  into  the  head;  the  other  two  are  movable. 
The  movable  sockets  and  points  arc  pushed  out  by  means  of  two  inclined  cylin- 
ders, which  arc  fastened  to  a  stem,  forming  a  conical  slider.  This  slider  tapers 
0.35  in.  in  a  length  of  2.2  in.;  so  that  by  pushing  the  slider  the  3.rnh  part  oi 
this  length  (about  .06  in.)  the  distance  between  the  movable  points  is  increase  I 
.01  in. 

The  slider  is  connected  with  a  square  steel  rod,  consisting  of  three  parts, 
which  are  screwed  together,  according  to  the  length  of  bore  to  be  measured 
This  rod  slides  through  a  brass  tube,  which  is  also  made  in  three  pieces. 

The  tube  is  graduated,  in  inches  and  quarters,  commencing  at  the  measuring 
points,  so  as  to  indicate  the  distance  of  the  latter  from  the  muzzle  of  the  gun. 

The  handle  is  of  wood  attached  to  a  brass  cylinder  or  socket,  through  which 
the  sliding  rod  passes.  In  the  tube  of  the  handle  there  is  a  slit,  on  the  side  of 
which  a  scale  is  marked,  to  indicate  the  movements  of  the  measuring  points. 
Each  joint  o(  the  lonir  lube  has  a  mark',  made  on  a  small  plate  of  silver,  which 
shows  the  place  of  the  zero  on  the  scale,  when  the  measuring  points  are  adjust- 
ed to  the  true  diameter  of  the  bore.  In  this  position  the  handle  is  fixed  on  the 
sliding  rod  by  means  of  n  screw  clamp. 

A  ring  gauge,  for  each  calibre,  is  used  tov  adjusting  the  instru nt  for  use. 

A  rest,  in  the  form  of  a  T,  is  placed  in  the  mouth  of  the  gun  to  keep  the 
instrument  in  the  axis  of  the  bore.  This  rest  lias  three  sides,  which  can  be 
adjusted  to  the  different  sizes  of  bore;  the  upright  brunch  is  movable  for  con- 
venience of  packing. 
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The  star  gauge,  its  points  and  rest,  are  packed  in  one  box.  and  the  ring 
gauges  in  another. 

2.  Tlie  cylinder  staff.—  This  is  a  round  staff,  made  of  mahogany,  or  other  hard 
wood.  It  is  in  two  parts,  which  are  joined  together  by  brass  sockets  and 
screws  ;  each  part  has  also  a  brass  socket  and  screw  at  the  outer  end.  to  receive 
the  cylinder  gauge,  guide  plate,  measuring  point  and  searcher.  The  stall'  is  crra- 
duated,  in  inches  and  tenths,  on  a  strip  of  brass  let  into  it  on  one  side.  These 
graduations  are  arranged  to  read  the  distances  from  the  extremity  of  the  meas- 
uring point  when  it  is  screwed  on  the  staff. 

The  cylinder  stall"  is  supported,  at  the  muzzle  of  the  piece.  by  a  half  tompion 
of  wood,  having  in  the  centre  a  groove  of  the  size  of  the  staff".  The  rest  for  the 
star  gauge  may  be  used  also  for  this  purpose. 

3.  The  cylinder  gauge  is  a  hollow  cylinder  of  wrought  or  cast  iron,  turned  to 
the  exact  minimum  ('or  true)  diameter  of  the  bore.  The  length  of  the  cylinder 
is  equal  to  its  diameter.  It  has  cross  heads  at  right  angles  to  each  other  ;  one 
with  a  smooth  hole  of  the  same  diameter  as  the  cylinder  staff";  the  other  tapped 
for  the  screw  of  the  stall'  socket. 

4.  The  searcher  is  used  to  ascertain  whether  there  are  any  cavities  in  the  bore. 
It  consists  of  four  flat  springs,  about  13  inches  long,  with  sharp  points,  turned 
outward  at  the  end,  attached  to  a  socket  on  which  the  cylinder  staff'  is  screwed. 

5.  The  guide  plate  is  a  circular  iron  plate  0.2  inch  thick,  and  of  the  minimum 
diameter  of  the  bore:  it  has  a  hole  in  the  centre,  with  a  thread  by  which  it  is 
screwed  to  the  cylinder  staff";  it  serves  to  direct  the  measuring  point  to  the  cen- 
tre of  the  bottom  of  the  bore. 

6.  The  measuring  point  is  screwed  on  the  end  of  the  cylinder  staff",  over  the 
guide  plate,  to  measure  the  depth  of  the  bore;  it  is  of  iron,  cylindrical  in  shape, 
so  far  as  it  screws  on  the  end  of  the  staff,  and  tapering  down  to  the  diameter  of 
0.75  inch. 

7.  The  trunnion  gauge  is  an  iron  ring  of  the  diameter  of  the  trunnions 
which  must  pass  over  them  and  fit  closely.  The  exterior  diameter  of  this  gauge 
serves  to  verify  that  of  the  rlmbases. 

S.  The  trunnion  square  is  a  double  square  of  wood,  the  distance  between 
whose  branches  is  the  same  as  that  between  the  rimbases  of  the  gun  ;  in  the 
centre  is  a  pointed  sliding  plate,  with  a  thumb-screw  to  fasten  it;  the  lower 
edges  ><i~  the  branches,  which  are  shod  with  iron,  are  in  the  same  plane,  parallel 
to  the  upper  edge  of  the  connecting  piece,  so  that  when  the  square  is  placed 
with  its  branches  resting  on  the  trunnions,  the  upper  edge  of  the  connecting 
piece  is  parallel  to  their  axis.  Each  branch  has  also  an  iron  plate  projecting 
perpendicularly  from  one  side  to  rest  on  the  top  of  the  trunnions.  It  is  used  to 
ascertain  the  position  of  the  trunnions  in  relation  to  the  axis  of  the  bore  and  to 
each  other. 

9.  The  trunnion  rule,  for  measuring  the  distance  from  the  rear  of  the  base 
ring  to  the  rear  of  the  trunnions. 
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10.  Calliper*,  to  measure  diameters. 

11.  A  standard  xculr.  lor  verifying  other  instruments. 

12.  A  wooden  rule,  to  measure  exterior  lengths. 

13.  The  vent  gauges  are  two  pointed  pieces  of  steel  wire,  0.005  in.  greater  and 
less  than  the  true  diameter  of  the  vent. 

14.  The  vent  searcher  is  a  hooked  steel  wire,  about  hall' the  diameter  of  the 
vent. 

15.  A  rammer-head,  shaped  to  the  form  of  the  bottom  of  the  bore,  and  furnish- 
ed with  a  staff,  is  used  to  ascertain  the  interior  position  of  the  vent. 

16.  A  mirror:  a  wax  taper,  beeswax. 

17.  Rammer,  sponge  and  priming  wire. 

18.  Figure  and  letter  stamps,  to  affix  the  required  marks. 

Inspection  of  Iron  Ordnance. 

Cannon  presented  for  inspection  and  proof,  are  placed  on  skids  for  the  con- 
venience of  turning  and  moving  them  easily.  They  are  iirst  examined  carefully 
on  the  exterior,  to  ascertain  whether  there  are  any  flaws  or  cracks  in  the  metal, 
whether  they  are  finished  as  prescribed,  and  to  judge,  as  well  as  practicable,  of 
the  quality  of  the  metal.  They  must  not  be  covered  witli  paint,  lacker,  or  any- 
other  composition.  If  it  is  ascertained  that  an  attempt  has  been  made  to  con- 
ceal any  flaws  or  cavities  by  plugging,  or  filling  them  with  cement,  or  any  sub- 
stance, the  gun  is  rejected  without  further  examination.  After  this  preliminary 
examination,  the  inspector  proceeds  to  verify  the  dimensions  of  the  piece.  The 
interior  of  tin  bore  is  first  examined  by  reflecting  the  sun's  rays  into  it  from  the 
mirror;  or,  if  the  sun  is  obscured,  by  a  lighted  wax  taper  or  a  lamp  placed  on  tlie 
end  of  a  rod  and  inserted  into  the  bore.  The  searcher  is  then  introduced,  and 
pushed  slowly  to  the  bottom  of  the  bore  and  withdrawn,  turning  it  at  the  same 
time;  if  one  of  the  points  hang,  the  position  of  the  hole  is  marked  on  the  out- 
side of  the  gun  by  noticing  its  distance  from  the  muzzle  and  its  position  in  the 
bore;  the  size  and  figure  of  the  cavity  are  found  by  taking  an  impression  of  it 
in  wax  placed  on  the  end  of  a  hook.  The  cylinder  gauge,  screwed  on  tin'  stall', 
is  then  pushed  gently  to  the  bottom  of  the  cylindrical  part  of  the  bore  and  with- 
drawn; it  must  go  the  bottom  or  the  bore  is  too  small. 

The  bore  of  the  piece  is  tben  measured  with  the  star  gauge.  The  measure- 
ments should  be  made  at  intervals  of  .}  inch  in  the  part  of  the  bore  occupied  by 
the  shot  ;  at  intervals  of  1  inch  in  the  rest  of  the  bore  in  rear  of  the  trunnions, 
and  of  about  1  calibre  from  the  trunnions  to  the  muzzle. 

The  position  of  the  trunnions,  with  regard  lo  the  axis  of  the  bore  and  to  each 
other,  is  next  ascertained. 

To  verify  the  position  of  the  axis  of  the  trunnions:  set  the  trunnion  square  on 
the  trunnions,  and  see  that  the  lower  edges  of  its  branches  touch  them  through- 
out their  whole  length;   push  the  slide  down  till  it  touches  the   surface  of  the 
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piece,  and  secure  it  in  that  position  by  the  thumb-screw:  turn  the  gun  over, 
and  apply  the  trunnion  square  to  the  opposite  side,  and  if,  when  the  point  of  the 
slide  touches  the  surface  of  the  piece,  the  lower  edges  of  the  branches  rest  on 
the  trunnions,  the  axis  of  the  trunnions  is  in  the  same  plane  with  the  axis  of 
the  bore;  if  they  do  not  touch  the  trunnions,  their  axis  is  above  the  axis  of  the 
bore  by  half  the  space  between  ;  and  if  the  edges  touch  the  trunnions,  and  the 
point  of  the  slide  does  not  touch  the  surface  of  the  piece,  their  axis  is  below  the 
axis  of  the  bore.  If  the  alignment  of  the  trunnions  be  accurate,  the  edges  of 
the  trunnion  square  will  fit  on  them  when  applied  to  different  parts  of  their  sur- 
face; their  diameter  and  cylindrical  form,  and  the  diameter  of  the  rimbases,  are 
verified  with  the  trunnion  gauge. 

To  ascertain  the  length  of  the  bore,  screw  the  guide  plate  and  measuring  point  on 
the  cylinder  stall',  and  push  them  to  the  bottom  of  the  bore;  place  a  half  tompion 
in  the  muzzle,  and  rest  the  staffin  its  groove;  apply  a  strait  edge  to  the  face 
of  the  muzzle,  and  read  the  length  of  the  bore  on  the  staff.  The  exterior  lengths 
are  measured  by  the  rule,  or  by  a  profile,  the  accurary  of  which  is  fust  verified. 
The  exterior  diameters  are  measured  with  the  callipers  and  graduated  rule.  The 
position  of  the  interior  orifice  of  the  vent  is  found  from  the  mark  made  on  the 
rammer-head  by  the  vent  gauge  inserted  in  the  vent,  while  the  rammer-head  is 
held  against  the  bottom  of  the  bore — two  impressions  are  taken.  The  position 
of  the  exterior  orifice  of  the  vent  is  also  verified.  The  vent  is  examined  with 
gauges  and  with  the  vent  searcher,  to  ascertain  if  there  are  any  cavities  in  it. 
In  mortars,  the  dimensions  of  the  conical  chambers,  and  the  form  of  the  breech. 
may  be  verified  with  patterns  made  of  plate  iron.  After  the  powder  proof  the 
bore  is  washed  and  wiped  clean,  and  the  bore  and  vent  are  again  examined, 
and  the  bore  remeasured.  The  results  of  each  of  the  measurements  and  exam- 
inations are  noted  on  the  inspection  report  against  the  number  of  the  gun. 
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VARIATIONS   ALLOWED    IN    THE    DIMENSIONS   OF    IRON   ORDNANCE. 


Ik  hie  bore. 


In   exterior 

A.METERS.  .  . 


i  .More  than  the  prescribed  diameter. 


In  the  length. 


Less  than  the  prescribed  diameter 

'  Where  turned,  more  or  less 

,IM  ,    (  more 

\V  here  not  turned,  <  , 

I  less 

'  Of  the  bore,  more  or  less 

From  rear  of  base  ring  to  face  of  muzzle, 

more  or  less 

Of  the  breecb,  including  cashable,  more  or 

less 

-j  Of  the  base  rinir.  more  or  less 

|  Of  the  reinforce,  more  or  less 

Of  the  chase,  including  the  muzzle,  more  or 


From   rear  oi'  trunnions  to  rear  of  base  rim 

more  or  less,  In  different  pieces 

ill  t:  f  above  the  axis  of  the  bore 

below  the  axis  of  the  bore 

more 

less 

Diameter  of  trunnions,  less 

In  the  distance  between  the  rimbases,  less 


In   the  position 
axis  of  the   i  runnions 

in  the  length  of  the  trunnions 


In  the  same  gun  no  variation  is  allowed   in  the  position  or  in 
the  alignment  of  the  trunnions. 

'  more 


In  the  vent. 


I  h'ameter, 


Position  ol  exterior  orifice,  mure  or  less.. 
Position  of  interior  orifice,  more  or  less.. 

f  In  the  bore  or  vent 

j  On  the  exterior  surface 

Depth  of  cavities -j  On  the  trunnions,  within  one  inch  of  the 

rimbases 

(  On  the  trunnions  elsewhere 

In  tin  cprouvette  no  variation  is  allowed. 


FIELD. 

QARRI- 

SON,  \"C 

1  aches. 

inches. 

0.02 

0.03 

.00 

.00 

.04 

.05 

.10 

.20 

.05 

.05 

.10 

.-jo 

.10 

.25 

.15 

.'20 

.or, 

.05 

.10 

.'20 

.10 

.15 

.10 

.20 

.00 

.00 

.•20 

.20 

.10 

.10 

.05 

.05 

.03 

.04 

.05 

.05 

.005 

0.05 

.mi 

.00 

.05 

.03 

.20 

.20 

.00 

.00 

.•jo 

.25 

.10 

.10 

.20 

.25 

The   whole   exterior  surfaces  of  iron  guns,   columbiads,   and    howitzers,  are 
turned  in  the  lathe,  or  dressed  smooth  in  the  parts  which  cannot  be  turned. 
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Inspection  of  Brass  Ordnance. 

Brans  cannon  are  measured,  and  their  dimensions  recorded,  as  prescribed  for 
iron  cannon.  The  exterior  form  and  dimensions  are  verified  by  the  application 
of  a  profile,  out  out  of  sheet  iron,  of  the  exact  shape  of  a  longitudinal  section  of 
the  piece.  All  brass  ordnance,  except  stone  mortars,  should  be  bored  under 
size  from  .01  to  .05  inch,  and  after  proof  reamed  out  to  the  exact  calibre.  When 
the  powder  proof  is  finished  the  bore  should  be  cleaned  and  examined;  the 
vent  should  then  be  stopped  with  a  greased  wooden  plug,  the  muzzle  raised. 
and  the  pun  tilled  with  water,  to  which  pressure  shall  be  applied  to  force  it  into 
any  cavities  that  exist:  or  the  water  shall  be  allowed  to  remain  in  the  bore 
about  24  hours.  The  hove  must  then  be  sponged  dry  and  clean,  and  viewed 
with  the  mirror  or  candle,  to  discover  if  any  water  oozes  from  crack's  or  cavities, 
and  also  if  any  enlargement  has  taken  place.  The  quantity  of  water  that  runs 
out  of  a  craclc  or  honey-comb  will  indicate  the  extent  of  the  defect,  and  if  it 
exceeds  a  few  drops,  the  pun  should  be  rejected,  although  the  measured  depth 
of  the  cavity  may  not  exceed  the  allowance.  If  the  water  oozes  out  between 
the  vent  piece  and  the  metal  ot  the  pun.  a  new  vent  piece  must  be  inserted,  and 
the  gun  again  proved  with  one  charge,  and  the  water  proof  repealed.  Alter 
the  bore  has  been  reamed  out  to  the  proper  size,  its  dimensions  arc  again  veri- 
fied, and  an  examination  of  the  bore  and  vent  is  made  to  detect  any  defects 
which  may  have  been  caused  or  developed  by  the  proof!  Wkitixh  spots  show  a 
separation  of  the  tin  from  the  copper,  and,  it'  extensive,  should  condemn  the 
piece.  A  great  variation  from  the  tine  weight,  which  the  dimensions  do  not 
account  tor.  shows  a  delect  in  the  al'oy.  Any  attempt  to  conceal  cavities  by 
tilling  them  with  screws,  or  by  any  other  methods,  should  cause  the  rejection  of 
the   piece. 

Brass  cannon  should  be  rejected  for  the  following  cavities  or  honey-combs: 

Exterior. — Any  hole  or  cavity  0.25  inch  deep  in  front  of  the  trunnions,  and  0.2 
inch  deep  at  or  behind  the  trunnions. 

Interior. —  From  the  muzzle  to  the  reinforce,  any  cavity  0.15  inch  deep.  Any 
cavity  from  the  reinforce  to  the  bottom  of  th%  bore. 

The  specific  gravity  ol"  the  metal  of  brass  ordnance  should  be  occasionally 
ascertained,  lay  taking  that  of  some  of  the  heaviest  and  some  of  the  lightest 
pieces  at  each  inspection. 

The  exterior  surfaces  ol'  all  brass  ordnance  are  turned  or  dressed  smooth 
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VARIATIONS    ALLOWED    IN    THE    DIMENSIONS    <>I     BIIVSS    ORDNANCE. 

Inch. 

Length  of  bore,  more  or  less 0.1 

I  more 02 

Diameter  of  bore \  .  „„ 

Exterior  position  of  vent,  more  or  less 05 

Interior  position  of  vent,  more  or  less 20 

I  more : 005 

Diameter  of  vent <  .         ^  00 

I  more 00 

Diameter  of  trunnions,  j  jess>  0Og 

J  more 10 

Length  of  trunnions . . .  j  ]ess ()- 

(  above  the  axis  of  the  gun 00 

Position  of  trunnions. .  ■<  below  the  axis  of  the  gun 20 

(  out  of  alignment 00 

Distance  from  rear  of  base  ring  to  rear  of  trunnions 10 

Distance  between  rimbases,  less .04 

Length  from  the  base  ring  to  the  muzzle,  more  or  less 10 

Position  of  mouldings,  more  or  less 10 

Any  exterior  diameter,  from  the   base   ring   to  the   muzzle   inclusive,  and 

diameter  of  rimbases,  more  or  less 0-1 

Diameter  of  cascable,  neck,  and  knob,  more  or  less 05 

A  proper  discretion  must  be  exercised  in  the  inspection  of  ordnance;  such 
slight  imperfections  as  do  not  injure  a  piece  for  service  may  be  disregarded. 
whilst  the  instructions  should  be  strictly  enforced  with  regard  to  defects  which 
may  impair  its  utility. 

PROOF   OF  ORDNANCE. 

Gunpowder  for  proving  ordnance  should  be  of  the  best  quality,  ranging  not 
less  than  250  yards  by  the  eprouv^tte;  it  should  be  proved  immediately  before 
being  used,  unless  it  shall  have  been  proved  within  one  year  previously,  and 
there  be  no  reason  to  suspect  that  it  has  become  deteriorated. 

The  cartridge  bags  are  made  of  woollen  stuff,  or  of  paper,  the  full  diameter  of 
the  bore  or  chamber.  They  are  filled  by  weight,  and  if  not  filled  at  the  place 
where  the  guns  are  proved,  each  bag  should  be  enveloped  in  a  paper  cylinder 
and  cap,  marked  with  the  weight  of  powder  and  its  proof  range. 

The  shot  must  be  smooth,  free  from  seams  and  Other  inequalities  that  might 
injure  the  bore  of  the  piece,  and  they  must  be  of  the  true  diameter  given  in  the 
tables. 

The  wads  are  made  of  junk,  as  described  in  Chapter  X. 
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PROOF  OF  IRON  ORDNANCE. 


1? 


Guns  and  howitzer*  are  laid  with  the  muzzle  resting  on  a  Mock  of  wood  and 
the  breech  on  the  ground,  or  on  a  thick  plank^  giving  the  bore  a  small  elevation. 

Mortars  are  mounted  on  strong  wooden  frames  or  beds,  at  an  elevation  of  45°, 
supported  by  the  trunnions. 

In  proving  iron  ordnance,  after  pricking  the  cartridge,  prime  with  powder,  or 
a  tube,  and  place  over  the  vent  a  piece  of  portfire,  set  in  clay  or  putty,  long 
enough  to  permit  the  man  who  fires  it  to  reach  a  place  of  safety  before  the 
charge  explodes. 

Proof  charges  for  Iron  Guns. 

First  and  second  rounds. — A  charge  of  powder  equal  to  one-half  of  the  weight 
of  the  shot  ;   two  shot  and  one  wad. 

Third  round. — A  charge  of  powder  equal  to  one-third  of  the  weight  of  the 
shot ;  one  shot  and  one  wad. 

In  proving  new  guns,  a  compound  shot,  or  a  cylinder  with  hemispherical  ends, 
of  the  true  diameter  of  the  shot,  and  equal  in  weight  to  the  two  shot,  shall  be 
used  instead  of  them. 

The  wad  is  placed  over  the  cylinder  or  the  upper  ball,  the  whole  being  well 
rammed. 

Should  any  of  the  guns  proved  at  one  time  fail  to  sustain  the  above  proof,  the 
remainder  shall  be  again  fired-  twice  with  a  charge  of  powder  equal  to  one-half  ol 
the  weight  of  the  shot,  one  shot  undone  wad ;  and  if,  in  either  or  both  of  these 
trials,  one-fourth  of  the  whole  number  of  guns  should  fail,  the  whole  shall  be 
rejected. 

Other  iron  ordnance  are  fired  with  the  following  charges: 

Columbiads. 

10-inch. —  1st  round     20  lbs.  of  powder,  one  10-inch  strapped  shot,  and  one  wad 
over  the  shot. 
2d    round:  21  lbs.  of  powder,  one  10-inch  shell  strapped. 
b-i?ich. — 1st  round  :   12  lbs.  of  powder,  one  8-inch  strapped  shot  and  one  wad. 
2d   round  :    13  lbs.  of  powder,  one  S-inch  shell  strapped. 


Howitzers. 

(10-inch. — 2   rounds,  with    15  lbs.  of  powder,  one   10-inch  strapped 

shot,  and  one  wad  over  the  shot. 
Seacoast.  \ 

\    S-inch. — 2   rounds,    with    12   lbs.  of  powder,  one  S-inch   strapped 

shot  and  one  wad  over  the  shot. 
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f    S-ii/cIt. — 2    rounds,  with    1   lbs.  of  powder,  one  S-inch  shot  and  one 
Siege  and  |  wa(j  over  lMe  shot> 

Garrison     '  ~i-l'^r- — 3   rounds,    with   3    ll>s.   of  powder,   one   24-pdr.    strapped 
shot,  and  one  wad  over  the  shot. 

Mortars. 

(  [3-inch. — 2  rounds,  with  20    lbs.  of  powder,  and  one  13-inch  shot. 

Heavy  •••   ^  \{)-incli. — 2  rounds,  with  10    lbs.  of  powder,  and  one  10-inch  shot. 

<  [0-inck. — 2  rounds,  with    5    lbs.  of  powder,  and  one  10-inch  shot. 

Lioht....    i     S-h/c/i. — 2  rounds,  with    2£  lbs.  of  powder,  and  one    8-inch  shot. 

Should  any  columbiad,  howitzer,  or  mortar,  fail  to  sustain  the  above  proof,  the 
remainder  of  those  offered  at  the  same  time  shall  bo  again  fired  twice  with  the 
same  charges;  and  if,  in  either  or  both  of  these  trials,  one-fourth  of  the  whole 
number  should  fail,  the  whole  shall  be  rejected. 

The  water  proof,  as  described  for  brass  cannon,  must  also  be  applied  occa- 
sionally to  iron  cannon,  at  the  discretion  of  the  inspector. 

The  bore  and  vent  and  the  exterior  surface  of  every  piece  which  is  approved, 
should  be  well  covered  with  sperm  oil  immediately  after  the  inspection. 


PROOF  OF  BRASS  ORDNANCE. 

They  are  mounted  on  appropriate  carriages  or  beds,  and  fired  three  times; 
giins  and  howitzers  at  an  elevation  of  5°,  mortars  at  an  elevation  of  45°,  with 
the  following  charges : 

Field  Guns. 

A  charge  of  powder  equal  to  one-third  of  the  weight  of  the  shot,  one  shot  and 
one  wad. 

Howitzers. 

f  32-pdr. — 3i  lbs.  of  powder,  one  strapped  shot  and  one  wad. 
Field,  -]  24-pdr. — 2J  lbs.  of  powder,  one  strapped  shot  and  one  wad. 

(  12-pdr. — li  lbs.  of  powder,  one  strapped  shot  and  one  wad. 
Mountain,  12-pdr. — J  lb.  of  powder,  one  strapped  shot  and  one  wad. 


Mortars. 

Stone  Mortar.— 2i  lbs.  of  powder,  covered  by  a  wooden  tompion,  2  inches 
thick;  a  basket  tilled  with  alternate  layers  of  stones  and  earth,  weighing  100 
lbs. 
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Coehorn,  24-pdr. — |  lb.  of  powder,  and  one  24-pdr.  shot. 

In  proving  brass  cannon  in  service,  or  after  they  have  been  bored  to  the  proper 
calibre,  the  shot  should  be  wrapped  in  cloth  or  sjirong  paper  to  save  the  bore  as 
much  as  possible  from  injury. 

MARKS. 

All  cannon  are  required  to  be  weighed  and  to  be  marked  as  follows,  viz:  the 
number  of  the  gun,  and  the  initials  of  the  inspector's  name,  on  the  face  ol  the 
muzzle;  the  numbers  in  a  separate  series  for  each  kind  and  calibre  at  each 
foundry;  the  initial  letters  of  the  name  of  the  founder  and  of  the  foundry,  on 
the  end  of  the  right  trunnion  ;  the  year  of  fabrication  on  the  end  of  the  left  trun- 
nion ;  the  foundry  number  on  the  end  of  the  right  rimbase,  above  the  trunnion  . 
the  weight  of  the  piece  in  pounds  on  the  base  of  the  breech  ;  the  letters  C.  S.  00 
the  upper  surface  of  the  piece,  near  the  end  of  the  reinforce. 

The  natural  line  of  sight,  when  the  axis  of  the  trunnions  is  horizontal,  should 
be  marked  on  the  base  ring  and  on  the  swell  of  the  muzzle,  whilst  the  piece  is 
in  the  trunnion  lathe. 

Cannon  rejected  on  inspection  are  marked  X  C  on  the  face  of  the  muzzle  ;  it 
condemned  for  erroneous  dimensions  which  cannot  be  remedied,  add  XDj  il 
by  powder  proof,  X  P;  if  by  water  proof,  X  \V. 


INJURIES  CAUSED  BY  SERVICE. 

Brass  cannon  are  little  subject  to  external  injury,  except  from  the  beading  of 
the  trunnions  sometimes  after  long  service  or  heavy  charges. 

Internal  injuries  are  caused  by  the  action  of  the  elastic  fluids  developed  in  the 
combustion  of  the  powder,  or  by  the  action  ol  the  shot  in  passing  out  of  the 
bore.     These  effects  generally  increase  with  the  calibre  of  the  piece. 

Of  the  first  kind,  which  exhibit  themselves  in  rear  of  the  shot,  are  :  The 
enlargement  of  the  bore  by  the  compression  of  the  metal,  which  is  seldom  a  seri- 
ous delect;  corrosion  of  i?ietal,  particularly  at  the  angles,  such  as  the  inner  orifice 
of  the  vent,  or  the  mouth  of  a  cylindrical  chamber:  cracks,  from  the  yielding  of 
the  cohesion  of  the  metal;  cavities,  cracks  enlarged  by  the  action  of  the  gas,  and 
by  the  melting  of  the  metal;  observable  especially.in  the  upper  surface  of  the 
bore. 

Injuries  of  the  second  kind,  which  appear  in  front  of  the  charge,  are:  The 
lodgment  of  the  shot,  a  compression  of  the  metal  on  the  lower  side  of  the  bore,  at 
the  seat  of  the  shot,  caused  by  the  pressure  of  the  fluid  in  escaping  over  the  top 
of  the  shot.  There  is  a  corresponding  burr  in  front  of  the  lodgment,  and  the 
motion  thereby  given  to  the  shot  causes  it  to  strike  alternately  on  the  top  and 
bottom  of  the   bore,   producing   other  enlargements,  generally  three  in  number: 
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the  first,  on  the  upper  side,  a  little  in  advance  of  the  trunnions;  the  second,  on 
ihe  lower  side,  about  the  astragal;  the  third,  in  the  upper  part  of  the  muzzle; 
it  is  chiefly  from  this  cause  that  brass  guns  become  unserviceable:  the  extent  of 
the  injury  varies  according  to  the  length  of  the  bore.  Scratches  caused  by  the 
fragments  of  a  broken  shot,  or  the  roughness  of  an  imperfect  one:  enlargement 
of  the  muzzle  by  the  striking  of  the  shol  in  leaving  the  bore :  exterior  cracis,  or 
gitudinal  splits,  caused  by  too  great  a  compression  of  the  metal  on  the  inte- 
rior. 

The  dnrabilty  of  brass  cannon  may  be  much  increased  by  careful  use,  and  by 
the  precautions  of  increasing  the  length  of  the  cartridge,  or  that  of  the  sabot,  or 
tisiiiir  a  wad  over  the  cartridge,  in  order  to  change  the  place  of  the  shot ;  by 
wrapping  the  shot  in  woollen  or  other  cloth,  or  in  paper,  so  as  to  diminish  the 
windage  and  the  bounding  of  the  shot  in  the  bore.  In  field  gnus,  both  brass  and 
iron,  the  paper  cap,  which  is  taken  off  from  the  cartridge  should  always  be  put 
over  the  shot. 

Iron  cannon  are  subject  lo  the  above  defects  in  a  less  degree  than  brass, 
except  the  corrosion  of  the  metal,  by  which  the  vent  especially  is  rendered 
unserviceable  from  enlargement.  The  principal  cause  of  injury  to  iron  cannon 
is  the  rusting  of  the  metal,  producing  a  roughness  and  enlargement  of  the  bore 
and  an  increase  of  any  cavities  or  honey  combs  which  may  exist  in  the  metal. 

The  service  to  which  an  iron  cannon  has  been  subjected  may  generally  be 
determined  by  the  appearance  of  the  vent. 

Spiking  and  unspiking  cannon,  and  rendering  than  unserviceable. 

To  spite  a  -piece  or  render  it  unserviceable:  Drive  into  the  vent  a  jagged  and 
hardened  steel  spike  with  a  soft  point,  or  a  nail  without  a  head  ;  break  it  oil" 
flush  with  the  outer  surface  and  clinch  the  point  inside  by  means  of  the  rammer. 
Wedge  a  shot  in  the  bottom  of  the  bore  by  wrapping  it  with  felt,  or  by  means  of 
iron  wedges,  using  the  rammer  or  a  bar  of  iron  to  drive  them  in;  a  wooden 
wedge  would  be  easily  burnt  by  means  of  a  charcoal  fire  lighted  with  the  aid  of 
a  bellows.  Cause  shells  to  burst  in  the  bore  of  brass  guns,  or  fire  broken  shot 
jTOin  them  with  high  charges.  Fill  a  piece  with  sand  over  the  charge  to  burst  it. 
Fire  a  piece  against  another,  muzzle  to  muzzle,  or  the  muzzle  of  one  to  the 
:hase  of  the  other.  Light  a  fire  under  the  chase  of  a  brass  gun.  and  strike  on  it 
with  a  sledge  to  bend  it.  Break  off  the  trunnions  of  iron  suns,  or  burst  them  by 
tiring  them  with  heavy  charges  and  full  of  shot,  at  a  high  elevation. 

When  guns  are  to  be  spiked  temporarily,  and  are  likely  to  be  retaken,  a  spring 
*pil<  is  used,  having  a  shoulder  to  prevent  its  being  too  easily  extracted. 

To  unspike  a  piece:  If  the  spike  is  not  screwed  in  or  clinched,  and  the  bore  is 
not  impeded,  but  in  a  charge  of  powder  of  one-third  the  weight  of  the  shot  and 
ram  junk  wads  over  it  with  a  handspike,  laying  on  the  bottom  of  the  bore  a  strip 
r»f  wood,  with  a  groove  on  the  under  side,  containing  a  strand  of  quick  match  by 
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which  fire  is  communicated  to  the  charge  ;  in  a  brass  gun,  take  out  some  of  the 
metal  at  the  upper  orifice  of  the  vent  antl  pour  sulphuric  acid  into  the  groove 
for  some  hours  before  firing,  if  this  method,  several  times  repeated,  is  not  suc- 
cessful, unscrew  the  vent  piece,  if  it  be  a  brass  gun,  and  if  an  iron  one,  drill  out 
the  spike,  or  drill  a  new  vent. 

To  drive  out  a  shot  wedged  in  the  bore :  Unscrew  the  vent  piece,  if  there  be  one, 
and  drive  in  wedges  so  as  to  start  the  shot  forward,  then  ram  it  back  again  in 
order  to  seize  the  wedge  with  a  hook;  or  pour  in  powder  and  fire  it,  after  re- 
placing the  vent  piece.  In  the  last  resort,  bore  a  hole  in  the  bottom  of  the 
breech;  drive  out  the  shot,  and  stop  the  hole  with  a  screw. 

Preservation  of  Ordnance. 

Cannon  should  be  placed  together,  according  to  kind  and  calibre,  on  skids  of 
stone,  iron,  or  wood,  laid  on  hard  ground,  well  rammed  and  covered  with  a  layer 
of  cinders,  or  of  some  other  material,  to  prevent  vegetation. 

Guns  and  long  howitzers. — The  pieces  should  rest  on  the  skids  in  Iront  of  the 
base  ring  and  in  rear  of  the  astragal;  the  axis  inclined  at  an  angle  of  4  or  f> 
degrees  with  the  horizon,  the  muzzle  lowest;  the  trunnions  touching  each  other: 
or  if  space  is  wanting  for  that  arrangement,  the  trunnion  of  one  piece  may  rest 
on  the  adjoining  piece,  so  that  the  axis  of  the  trunnions  is  inclined  about  -15° 
with  a  horizontal  line  ;  the  vent  down,  slopped  with  a  greased  wooden  plug,  or 
with  putty  or  tallow.  If  circumstances  require  it,  the  pieces  may  be  piled  in 
two  tiers,  with  skidding  placed  between  them,  exactly  over  those  which  reM  on 
the  ground  ;  the  muzzles  of  both  tiers  in  the  same  direction  and  their  axes  pre- 
serving the  same  inclination. 

Short  howitzers  and  mortars. — On  thick  planks,  standing  on  their  muzzles,  the 
trunnions  touching,  the  vents  stopped. 

[roil  ordnance  should  be  covered  on  the  exterior  writh  a  lacker  impervious  t< 
water  (see  Chapter  VII);  the  bore  and  the  vent  should  be  greased  with  a  mixture 
of  .///and  ta/loiv,  or  of  tallow  and  beeswax  melted  together  and  boiled  to  expel  the 
water.  The  lacker  should  be  renewed  as  often  as  requisite,  and  the  grease  af 
least  once  every  year. 

The  lacker  and  grease  should  be  applied  in  hot  weather. 

The  cannon  should  be  frequently  inspected,  to  see  that  moisture  does  not  col- 
lect in  the  bore. 


ORDNANCE  OF  FOREIGN  COUNTRIES. 

The  materials  for  the  following  table  have  been  collected,  with  few  exceptions, 
from  the  manuals  of  artillery  in  England,  France,  Belgium,  Prussia  and  Aus- 
tria, and  from  memoranda  obtained  in  Russia  and  Sweden. 
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The  dimensions  and  weights  are  given  in  our  own  measures. 

The  eolumn  of  exterior  length  shows  the  length  from  the  rear  of  the  base  ri n ^ 
to  the  faee  of  the  piece,  and  the  length  of  bore  includes  the  chamber,  when  not 
otherwise  mentioned. 

In  England,  France,  Belgium  and  Sweden,  howitzers  and  mortars  take  their 
denominations,  as  with  us,  from  the  diameter  of  the  bore,  or  from  the  calibre  ol 
a  gun  of  corresponding  bore;  in  Austria  and  Prussia,  from  t  lie  weight  of  a  Stone 
ball  of  the  calibre  of  the  bore  ;  in  Russia,  from  the  true  weight  ol  the  shell. 
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DESIGNATION. 


ENGLAND. 
Bomb  Cannon. — 


GtUNB.— 


New  naval. 


Carronades. — 


12-in... 

10-in.. 

8-in.. 
S-in.. 
8-iu.. 
8-ln... 

56-pdr... 
42-pdr... 
42-pdr... 
32.pdr... 
32  pdr... 
32-pdr... 
82-pdr... 
24-pdr... 
24-pdr... 
18-pdr.., 
18-pdr... 
12-pdr... 
12-pdr... 

9-pdr... 

9-pdr... 

9-pdr... 

6-pdr.., 

6-pdr... 

3-pdr... 

3-pdr... 

3-pdr... 

1-pdr... 

68-pdr... 
42-pdr... 
32-pdr... 
24-pdr... 
18-pdr... 
12-pdr... 

'  10-in.... 
8-in.... 
24-pdr... 
51^-in  ... 
12-pdr... 
4  2-5-in. 


Mortars. — 


-  „   fl3-iu. 
Sea"|lO-iu. 


WDIETEE 
OF  B\LL. 


Inch. 

12. 

10. 
v  12 
8.0f> 

S.I  I.", 

8.05 

r.66 

r..;i7 

7.110 

0.41 

6.37 

6.35 

6.35 

5-S2 

5.82 

5.29 

5.29 

1.62 

4.62 

4.2 

4.2 

4.2 

3.66 

3.66 

2.91 

2.91 

2.91 

2.01 

8.05 
6.84 

6.25 
5.68 

5.16 

4.52 

10. 

8. 

5.72 

5.62 

4.58 

4.52 


High 
gauge 


Inch. 

11.88 
B.88 
7.95 
7.95 
7.95 
7.96 


6.79 
6.20 

C..20 

0.2.) 

5.00 
5.63 

5.12 
5.12 
4.47 
4.47 
4.10 
4.10 
4.1o 
3.56 

2.83 
2.83 
2.83 
1.99 

7.9S 

6.79 

6.2 

5.63 

5.12 

4.47 

9  ss 
7.90 
5.02 
5.62 

4.47 
4.47 


12.88 

9.88 
7.90 
5.62 

4.47 


Low 


I  neb. 

11.80 
9.80 

7.90 

7.90 
7.90 

7. '.10 


6.72 

0.14 
0.14 
0.14 
6.14 

5.58 
5.07 

5.07 
4.43 
4.43 
4.06 
4.06 
4.00 
3.53 
3.53 
2. so 
2.8  I 
2.80 
1.92 

7.9 

6.72 

0.14 

5.58 

5.07 

4.43 

9.8 

7>2 

5.57 

5.57 

4.4:; 

4.43 


12.80 
9.80 

12.80 

9.80 
7.82 

5.57 

4.4:; 


Length. 


Kx  te- 
nor. 


114. 


114. 
75. 

i'.'. 


72. 
B4. 
60. 
72. 
18. 
86. 
00. 


48. 

37. 
56.6 
33. 
45.2 

22. 


03. 

50. 

43.50 

27.00 

21. 

15. 

12. 


Bore. 


Ineh.      Lbs 


7,280 


5,935 

2.700 
2.000 


74.;,;,    2,000 
56.61     i.::44 


67.74     1,512 
80.35     1,368 

57.47         672 


64.45 
84.00 


672 

336 

280 


1.44o 

1,456 

1.120 

728 

280 


9,192 

3,696 

2.800 

1,380 

728 

140 

84 


Length. 


Exte- 
rior. 


Inch. 

100. 

112. 
130. 
108. 
102. 
96 


lio. 
12:5.4 
106. 
100. 
94. 


3:12.    124.-; 

114.5  114. 
114.  I07. 
114.     109. 

Ion 

102 

96 

114. 
108. 
108- 

96. 
102. 

72. 
102. 

90. 

-4. 
102. 


107.41 
101.45 
101.75 

-'.'.74 
90.22 


96.48 

S4.44 
78.48 

66.97 


64 

04. 

54. 

54. 

48. 

48. 

45. 

45. 

40. 

40. 

32. 

32. 

60. 

;>s.7.t 

48. 

40 

52. 

39. 

45. 

35. 

36. 

26. 

28. 

20. 

22.5 

16. 

Lbs. 
10.000 

'.'.; 

7.280 
6,760 

10,864 
9,520 
1 
7,000 

5.600 

;,. 

4.700 

6,600 
5.320 

4.700 
4.200 
3  700 
2.350 
3.200 

2,912 

2,800 
2.609 
1.900 


4.o:;  J 
2,464 
1,900 
1,456 
1,120 
67S 

4.4SO 
2,350 

1,680 


II.200 
5,800 

4.100 

1.800 

BOO 
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I'ESIOXATION. 


FUANCE. 


GUKS.— 


48-pdr.. 
[  21-pdr.. 

„.  j         •  16-pdr.. 

Siege  and  garrison,-  1.,  '  (lr 

[   B^dr" 

(  12-pdr.. 
Field  J    S-pdr.. 

i  4-pdr.. 
36-pdr.. 
Long  SO-pdr.. 
Short  80-pdr.. 
Long  24-pdr.. 
Short  24-pdr.. 
Long  18-plr.. 
Naval,  \  Short  1 8-pdr.. 
Long  12-pdr.. 
Short  12-pdr.. 
Long  8-pdr.. 
Short  8-pdr., 
Long  6-pdr.. 
Short   8-pdr., 

Carroxades. — 

30-pdr. 
30-pdr. 
24-pdr. 
1 8-pdr. 
12-pdr. 

llOMB  CAN'XON. — 

flO-in 

I  22-centm. 

Naval, -J  17-rentm. 
I  lO-ccntiii. 
[l5-centm. 

Howitzers. — 

Sea  const,  22-centm. 

-,„„,  $  old    K-'n 

slo8e>|  New  22-centm. 

(Old     l',-in 

Field, ^  Newl6-centm. 

(.NewlS-centm. 

Mountain,  12-centm. 


MoRTARS.- 


(82-centi 
i'.  J  27-Centl 

(.22-ceutn 


Mountain,  15-centm. 

Stone  mortar. 


DIAMETER 
OF  H\LL. 


High 
gauge 


7.404 
0.011 
5.264 
4.77T. 
4.175 
4.775 
4.175 
B.318 
i;.ssf> 
0.485 
0.485 
6.004 
0.004 
B.468 
5.403 
4.775 
4.775 
4.175 
4.175 
3.790 
3.7M 


6.796 

0.410 
5.937 

5.419 
4.753 


10.030 
8.705 


8.795 

8.795 
8.782 
6.630 

0.51  S 

5.958 

4.745 


L2.799 
10.790 


5.958 

15.001 


7.329 
5.878 
5.130 
4.686 

4.088 
4.080 

4  088 

8.228 

0.085 

6.307 
6.307 
5.826 

5.S26 
5.308 
5.308 
4.041 
4.641 
4.004 
4.004 
3.079 
3.079 


0.085 
6.307 
5.S20 
5.308 
4.642 


Length. 


Low 

gauge 


7.248 
5.804 
5.066 
4.620 

4.021 
4.020 
4.021 
3.154 
0.041 

6.268 
6.263 
5.782 
6.782 
5.264 
5.204 
4.507 
4.507 
4.020 
4.020 
3.635 
3.035 


6.641 

0.203 
5.782 

5.20,4 
4.507 


Exte- 
rior. 


Inch. 


162.17 

127.43 
122.34 

115.48 
104.24 
83.15 
72.40 
57.57 


8.707 
6.730 

0.352 
5.871 


8. To;; 
8.703 
8. to:; 
6.441 
6439 
5.879 
4.0S0 


12.001 
10.712 
8.703 
5.879 


8.0IO 
0.083 

6.306 

5.824 


S.040 
s.024 
8.0,40 
6.396 
0.302 

5.832 

4.0,30 


12.500 
10.041 

8.640 

5.832 


Inch.      Lbs 


121.53 
117.20 
110.87 

lon.21 

78.80 
0,8.74 

54.01 


37.05 
52.00 
30.25 
90.29 
07.54 
33.87 


35.27 

3,0.20 

21.72 
10.70 
31.63 


11.775 
0.O07 
4,432 

3.432 

2.345 

1,959 

1.2T0 
636 


33.85 
30.38 

27.06 

■4.20 


Length. 


Exte- 
rior. 


115.13 
110.01 
102.00 
108.  T4 
[00.00 
102.34 
94.56 
05.04 
87.23 
102.34 
87.42 
89.55 
78.89 


53. 31 

53.33 
45.71 
41.71 

35.:;:; 


107.32 
104.01 

00.81 

101.90 
95.31 
95.94 
oo.lo 
90.35 
83.15 
07.45 
82.53 
85.11 
74.45 


45.85 
38.36 

34.65 

20.37 


1.182 

2,646 

700 

1,951 


63.60     1,281 

31.00         221 


27.45 
22.83 
17.40 

14.10 
26.70 


2.022 

2,200 

607 

154 

1,617 


124.00   110.84 
98.08     02.21 


08.08 


Lbs. 


7.734 
5,684 

5.4TO 
5,519 
4,658 
4,543 

3,780 

3,230 

2.585 
2,573 

2.210, 
1.80,8 

1,650 


45.03      2.524 


2.227 

1.00,3 

1.272 

840 


11,000 

8.000 


FOREIGN     ORDNANCE. 


25 
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PESIONATIOX. 


BELGIUM. 


Guns. — 


Field 


f    O-pdr... 
•  l  12-pdr... 


i-pdr.. 

Siege  and  garrison,  -j  18.^dJ;" 

'|  24-pdr" 

Howitzers. —  15-centm.. 

20-centm.. 

Bomb  Cannon. — 

K-in 

10-in 

Mortars. —  20-centm.. 

29-centni.. 
60-contm.. 


AUSTRIA. 

Mountain.  -1 
Field 


Siogo  and  garrison,  ' 

Bomb  Cannon. 
Howitzers.  j 

MoRTARS.— 

Coehorn, 


Stone  Mortar, 


Guns. — 


Field, 


Siege  and  garrison, 

Howitzers. — 

Field. j 
Siege  and  garrison. 


1-p.lr.. 

3-pdr., 

S-pdr.. 

6-pdr., 
12-pdr.. 
18-pdr.. 

•Vpili  . 
12-pdr. 
18-pdr.. 
24-pdr., 
30-pdr. 

7-pdr. 
10-pdr. 

6-pdr. 
10-pdr. 
30-pdr. 
30-pdr. 
60-pdr., 
60-pdr. 


G-pdr.. 
12-pdr., 

3-pdr.. 
6-pdr.. 

12-pdr.. 
24-pdr. 
_  24-pdr. 

7-pdr. 
10-pdr. 
25-pdr. 


PI  a  METER 
OF  BALL. 


Inch. 


3.760 
■1.1-22 
8.760 
4.722 
:,.  m 
6.974 
6.974 
7.931 

B.782 
10.791 

7.931 
11.475 
23.63U 


2.075 
2.967 
2.967 
B.724 

4.660 
5.311 
8.724 
4.660 

5.311 
5.827 
9.473 
5.870 

3.724 
6.634 
9.494 
9.422 
11.922 
12.890 


3.711 
4.680 
2.948 
3.711 
4.680 
5.855 
5.855 

6.848 
6.741 

S.927 


High 


Inch. 


4.616 

4.616 

5.301 
5.860 
5.860 
7.813 

8.707 
10.704 
7.818 

11.39:i 


Low 
gauge 


. 


1.981 

4.524 
5.173 
8.694 
4.524 

6.691 
9.360 
5.755 
6.612 

3.694 

6.512 

11.703 


8.629 
4.573 

2.886 
3.629 
4.673 


Inch. 


3.591 
4.629 
3.691 

6.214 
6.773 

8.044 
10.62  ' 

7.726 
11.263 


1 .969 
2.827 
2.827 
3.662 

4.4s* 
6.187 

3.562 

4.4s^ 

5.187 

9.256 

6.41  S 

9.256 
11.668 


3.536 
4.460 
2.804 
3.536 
4.460 


5.752     5.639 

6.633  •  6.520 

8.834     8.710 


Length. 


Exte- 
rior. 


Inch. 


31.37 
31.64 
45.25 
57.00 
71.82 


112.22 
123.32 
130  .OS 


34.55 
35.71 


22.47 

27. 77 
28.35 
32.44 


63.91 

si  1.40 
57.72 


L06.68 

119.17 
71.94 

SO.  17 
42.2H 
54.80 


60.16 
70.83 
97.76 
113.33 
1 1 6.84 
119.48 
60.34 


29.41 
42.42 

77.71 


108.01 

lis...  1 
124.78 


31.70 


18.91 
25.97 


61.03 
76.64 

55.00 


Lbs. 


1.045, 
1,958 
1,958 

6,270 
1,111 


180 

S42 

1,700 

2.514 


4.::.:. 


913 


421 
1.141 
1.294 
2,167 


930 
1,874 


102.57 
118.39 

07.21 

35.05 
38.40 
53.66 


3.066 
5.890 
2,828 

800 
1.200 
3.416 


Length. 


rior. 


Inch. 


16 


3.630 
6,038 
6,204 


1,324 


8,028 

11.033 

.-,4:; 

2.618 
17,904 


111  86   106.61 
117.86  111.76 


98.31 
34.55 


59.79 

119.17 

72.S7 


81.70 


55.66 
101.84 

11 2.40 
67.21 


3,446 
4,789 


2,180 


BOO 
1,019 

3,054 

2,842 


54.80     53.66|    3,426 
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CHAP.     I. ORDNAM  !E. 


Foreign  Ordnance. 


u 

DIAKHKR 

p4 

BRASS, 

mow. 

0 

a 

: 
a 

OF  BALI.. 

DESIGN  AT  Ii  iN. 

Length 

Length. 

^ 

Sign 

Low 

* 

gauge 

gauge 

Exte- 

B ire. 

5 

Exte- 

Bore. 

— 
"5 

3 

rior. 

£ 

rior. 

_js_ 

PRUSSIA-— Continued. 

Inch. 

i  lull. 

Inch. 

Inch. 

Inch. 

Lbs. 

Inch. 

loch. 

Lbs. 

Mortars,                       IIaM(i    f 

7-pdr... 
10-pdr... 

25-pdr... 
50-pdr... 

Stone... 
Homij  Cannon,              50-pdr... 

3.092 
4.618 

* 
t 

5.21 
7.03 

39 

4.573 

4.460 

5.793 

5.752 

5.039 

15.86 

13.02 

166 

6.69  ' 

8.633 

6.520     20.61 

15. 97 

393 

21 .04 

15.07 

027 

S.'lllli 

8.834 

s.Tlo 

20.29 

21.05 

009 

27.83 

21.05 

1.129 

11.184 

11.102 

10.978 

36.69 

29.89 

1,778 

37.87 

29.89 

2,165 

15.454 

11.120 

33.00 

25.77 

1 .553 

11.102 

10.978 

111.00 

12.400 

RUSSIA. 

QjjSS „.   ,  j 

f  6-pdr... 
,12-pdr... 

8-pdr... 

8-pdr... 
12-pdr... 

3.762 
4.739 

3.646 
4.610 

3.609 

51.13 

802 

uu».                 Field, - 

4.560 

74.04 

1,783 

2.990 
3.762 

4.739 

2.920 
3.646 
4.610 

2  880 

51.00     j 

68] 

3  609 
4.560 

B2.70     rgo0 

1,665 

Siege  and  gar- 

loo.oo 

3,492 

104.00     99.00 

3.300 

rison  and  sea 

18-pdr... 

5.426 

5.800 

5.210 

108.75 

4.S14    114.0"    10650 

5.680 

coast. 

24-pdr... 

5.972 

5.86O 

5.784 

119.70 

6,485    126.00    nso0 

7,600 

30-pdr... 

6.443 

6.320 

0.240 

:■  • ,    121.15 

9.080 

36-pdr... 

6.837 

6.750 

6.650 

136.00 

127.711 

10,500 

Howitzers  (Likorna) 

f  S-pdr... 

3.242 

3.140 

3.100 

1  s  r 

28.37 

240 

...  , ,   I  10-pdr... 
Field'1 10-pdr... 

4.843 

4.700 

4.050 

1  "2 

37.53 

707 

4.833 

4.700 

4.650 

5 

42.3S 

780 

[20-pdr... 

6.102 

5.990 

"5915 

1  ■" 

50  34 

1,509 

50.34 

1.675 

Siege  and  garrison,  40-pdr... 

7.688 

7.575 

7.476 

l"s. 

63.90 

3,170 

63.43 

3,476 

Mortars. — 

09 

. 

6-pdr... 

4.084 

3.920 

3.890 

> 

7.00 

20 

SO-pdr... 

9.650 

9  570 

9.490 

3 

14.50 

1.311 

16.00 

1 .927 

200-pdr... 

13.150 

13.050 

12.950 

18.81 

3,243 

. 

21.88 

4,900 

BoMii  Cannon. — 

20-pdr... 

6.000 

5.990 

5.915 

92.00 

87.00 

3,300 

40-pdr... 

7.700 

7.575 

7.470 

110.00 

110.00 

5,600 

96-pdr... 

9.000 

s.900 

8.820 

1 20-pdr... 

L0.750 

10.680 

10.5*0 

SWEDEN. 

Guns.—                       S-pdr... 

3.015 

2.922 

2.887 

18-pdr... 

:;.7sr, 
4.791 

8.687 

4.674 

3.652 

1.02s 

• 

05.6(1 
81.70 

02.50 
77.75 

816 

1.565 

sissi 

5J446 

5.388 

24-pdr... 

6.112 

5.991 

5.924 

„.  .     f80-pdr... 
Sh'P'J30-pdr... 

0.500 

6.455 

6.385 

71.00 

70.00 

3,686 

6.560 

6.455 

6.385 

0,270 

Howitzers. — 

Field>+\  24-pdr... 

Mortars. —                    7-in  ,,, 

4.791 

4.674 

4.628 

53.77 

50.62 

880 

6.112 

5.994 

5.924 

68.39 

64.53 

1,550 

8.905 

P.765 

8.696 

33.78 

29.23 

1.O50 

Light,        9iu 

Heavy,      9-in 

11-in 

11.254 

11.114 

11.021 

89.04 

33.30 

2,100 

11.254 

1 1-1 14 

11.021 

52.84 

44.66 

I.SIIO 

1&855 

12.715 

12.59S 

•  Attached  to  a  stock.        f^'118'  witn  a  ueJ  I,latc-        t  Not  chambered. 


Chapter     Second. 


SHOT  AND  SHELLS. 

NOMENCLATURE,    DIMENSIONS,    WEIGHTS 
Diameters  of  Gauges  for  Shot  and  Shells. 


Large. 

Small 


f  new ... 
'    \old 


13-iu. 

12-in. 

10-in. 

8-in 

42 

82 

24 

18 

12 

9 

6 

4 

3 

In. 

In. 

In. 

In. 

In. 

In. 

In. 

In. 

In. 

In. 

In. 

In. 

In. 

12.90 

11.90 

9.90 

7.90 

6.86 

6.27 

5.70 

5.18 

4.53 

4.12 

3.60 

3.14 

2.S6 

13.84 

12.80 

11.84 

9.84 

9.80 

7.86 

7.80 

6.8) 
6.78 

8.23 
8.18 

5.86 
5.61 

5.18 

5.10 

4.40 
448 

1  1  B 
4.05 

3.66 

3.54 

3.10 

2.82 

2.80 

In. 

1.96 
1.92 


For  the  manner  of  using  these  gauges,  see  page  31. 

Shot. 


13-in. 

12-in. 

10-in. 

8-in 

42 

32 

24 

18 

12 

9 

6 

4 

3 

1 

Diameter.       in. 
Weight.          lbs. 

12.87 
294 

11.S7 
231 

9.S7 
128 

7.88 
65 

6.84 
42.7 

6.25 
82.6 

5.68 
24.4 

5.17 
18.5 

4.52 
12.8 

4.10 
B.2G 

3.58 
6.1 

3.12 
4.07 

2.84 
3.05 

1.95 

1 

Shells. 


For  Colum- 
bia,Is  &  S.  C. 
Howitzers. 

For  Mortars. 

For  Guns  and  Howitzers. 

10-in. 

S-in. 

13-in. 

10-in. 

8-in. 

42 

32 

24 

18 

12 

« 

In. 

9.87 

2. 

2.1 

1.9 

3. 

1.45 

1. 

6. 

101 

In. 

7.88 
1.6 

1.58 
1.43 

'J.'j:. 
1.33S 
1. 
5. 

50.5 

In. 

12.87 
2.1 

2.25 

1.95 

2.1 

1.8 

1.483 

7. 

197 

In. 

9.87 

1.6 

1.7 

1.5 

1.6 

1.75 

1.61 

6. 

S7.5 

In. 

7.88 
1.36 

1.33 

1.17 

1.25 

1.3 

1.113 

5. 

44.5 

In. 

6.84 
1.3 

1.25 
1.15 

1.S 

1. 

0.73 

In. 

6.25 
1. 

1.05 

0.95 

1.35 

0.9 

0.698 

In. 

5.68 

0.9 

0.95 

0.85 

1.35 

0.9 

0.698 

In. 

5.17 

0.9 

0.94 

0.86 

1.35 

0.9 

0.698 

In. 

4.52 

Thickness     ~)  True 

of  sides  and  ^-Greatest.. 

bottom.         1  Least 

Thickness  at  fuze  hole.. 
Diameter  of)  Exterior... 

fuze  hole.    (  Interior.... 

0.7 

0.74 

0.66 

1.05 

0.9 

0.743 

31. 

22.5 

17 

13.4 

8.4 

The  8-inch  mortar  shell  is  used  for  the  siege  howitzer. 
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CHAP.    II. SHOT    AND    SHELLS. 


The  cars  of  a  shell  are  holes  lor  llie  points  of  the  shell  hooks,  0.5  inch  in 
diameter,  bored  opposite  to  each  other,  and  perpendicular  to  the  axis  of  the  fuze 
hole;  the  metal  is  cut  out  above  them  at  the  distance  indicated  in  the  table,  in  a 
direction  perpendicular  to  the  axis  ol  the  holes,  which  must  remain  0.25  inch 
deep,  with  a  thickness  of  0.25  inch  of  metal  above  them  at  the  thinnest  part. 

Carcases, 

Are  shells  having  three  additional  holes,  of  the  same  dimensions  as  the  fuze 
hole,  pierced  at  equal  distances  apart  in  the  upper  hemisphere  of  the  shell,  with 
their  exterior  openings  tangent  to  the  great  circle,  which  is  perpendicular  to  the 
axis  of  the  fuze  hole. 


13-in. 

10-in. 

b-in. 

42 

32 

24 

lb 

12 

Mean  weight.. lbs. 

194 

ee 

43 

30 

21.60 

16 

12.5 

8 

Spherical  Case  Shot. 


Diameter 

Thickness  of")  True 

metal  at  the  >  Greatest 

sides.  J  Least  — 

Thickness  of  metal  at  the  fuze 

hole 

Radius  of  reinforce  at  the  fuze 
hole 

Diameter  of  |  Exterior 

fuze  hole.  J  Interior 

Mean  weight •. . . .  lbs. 


8-in. 

12 

32 

24 

18 

12 

In. 

In. 

In. 

In. 

In. 

In. 

7.88 

B.84 

6.25 

5.6s 

5.17 

4.52 

0.7 

0.65 

0.60 

0.55 

0.5 

0.45 

0-725 

0,675 

0.625 

0.575 

0.525 

0,175 

0.675 

O.l  25 

0.575 

0.525 

0.175 

0.425 

1.6 

1.5 

1.5 

1.1 

1.1 

0.75 

3.0 

2.75 

2.5 

2.3 

2.1 

l.S 

1.2 

1.2 

1.2 

0.9 

0.1) 

0.9 

0.96 

0.975 

0.975 

0.735 

0.735 

0.7SS 

30. 

20.32 

16. 

11.86 

S.7 

6.1 

In. 
3.58 

0.36 

0.3S5 

0.335 

0.75 

1.4 
0.9 
0.788 

3.06 


The  thickness  of  metal  at  the  fuze  hole  is  supposed  to  be  measured  in  the 
axis  of  the  fuze  hole,  between  the  spherical  surfaces  of  the  shell  and  of  the  re- 
inforce. 

The  fuze  holes  of  shells  and  spherical  case  shot  taper  to  0.15  inch  to  1  inch. 


DIMENSIONS    AND    WEIGHTS. 

Grape  Shot. 
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Diameter  of  large  gauge 

Diameter  of  small  gauge   

Mean  weight lbs 


8-in. 

42 

32 

24 

IS 

In. 

In. 

In. 

In. 

In. 

3  60 

3.17 

2.90 

2.64 

2.40 

3.54 

3.13 

2.86 

2.60 

2.3G 

6.1 

4.2 

3.15 

2.4 

1.8 

In. 
2.00 
2.02 

1.14 


( 'anist<  r  Shot. 


NATURE   OF   ORDNANCE. 


1  tiameter  of  large  gauge 
Diameter  of  small  gauge 

Mean  weight lbs. 


In. 

2.28 
2.22 


In. 
2.06 


-   - 
fl  00  ■- 


In. 

1.87 

1.84 


—  z. 

Si 

> 

c 

=  £ 

z 

q 

O 

•J  & 

to  - 

I 

3 

-r 
a. 

X 

f 

-a 
— 
4 

In. 

In. 

In. 

In. 

1 .70 

1 .4'.' 

L36 

1.17 

1.67 

1.46 

1.32 

1.14 

0.64 

0.43 

0.32 

0.21 

12-pdr.  How- 
itzer. 


Field 


In. 

1.08 
1.05 


Moun- 
tain. 


Mus- 
ket 
ball. 


Grenades. 

Six  pounder  spherical  case  shot  may  be  used   for  hand  grenades,  and  shell*  of 
any  calibre  tor  rampart  grenades. 

Lead  Balls. 

DIAMETERS    OF    LEAD    BALLS    FROM    1    TO    32    TO    THE    POEXD. 


• 

^ 

.« 

No.  ol 

V 

No.  of 

V 

No.  of 

0 

No.   of    balls 
to  1  lb. 

§ 

balls  tO 
111, 

1) 

balls  to 
1  lb. 

V 

- 

balls    to 

1  lb. 

E 
- 

In. 

In. 

° 

~ 

In. 

In. 

1 

L.670 

9 

0.^03 

17 

0.6f>0 

25 

0.571 

2 

1.356    1 

10 

.775 

18 

.638 

26 

.564 

3 

1.157   ; 

11 

.751 

19 

.626 

27 

.557 

4 

1.051 

12 

.730 

20 

.615 

5)05 

2S 

.550 

5 

1.977 

13 

.71(1 

21 

29 

.54  4 

t3 

.919 

14 

.693 

22 

30 

.537 

7 

.673 

15 

.676 

23 

31 

.531 

S 

.835    : 

16 

.663 

24 

.579 

32 

.526 

For  the  mode  of  fabrication  of  lead  balls,  see  Chapter  X. 
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CHAP.    II. SHOT    AND    SHELLS. 


DIAMETERS  <>K  CAST  IRON  HALLS  FROM  |  POUND  TO  50  POINDS  W  I  K.IIT. 


1 

We 

gin. 

Diam. 

Weight. 

Diam. 

Weight. 

Diam. 

Weight. 

Diam. 

Lbs. 

oz. 

In. 

Lbs. 

In. 

Lbs. 

In. 

Lbs. 

In. 

0 

4 

1.231 

9 

4.065 

23 

5.531 

37 

6.512 

6 

1.403 

10 

4211 

24 

.r..c,:::i 

3S 

6.570 

S 

1.551 

11 

4.346 

25 

5.711 

39 

6.627 

10 

1.665 

12 

4.474 

20 

5.7S9 

40 

6.684 

12 

1.701 

13 

4.595 

27 

5.862 

41 

6.738 

14 

1.865 

14 

4.710 

2S 

5.930 

42 

6.793 

1 

1.954 

15 

4.819 

29 

6.004 

43 

6.846 

2 

2.-1(32 

16 

4.924 

30 

6. (His 

44 

6.898 

3 

2.819 

17 

5.025 

31 

6.140 

45 

6.951 

4 

3.104 

18 

5.121 

32 

6.205 

46 

7.0(2 

5 

3.311 

19 

5.215 

33 

0.268 

47 

7.052 

6 

3.551 

20 

5.304 

34 

6.330 

48 

7.101 

7 

3.738 

21 

5.392 

35 

6.392 

49 

7.1-15 

s 

3.908 

22 

5,176 

36 

6.442 

50 

7.193 

The  specific  gravity  of  shot  and  shell  is  about  7,000. 

To  find  the  weight  of  a  east  iron  shot  or  shell : 

Multiply  the  cube  of  the  diameter  of  the  shot  in  inches,  or  the  difference  of 
the  cubes  of  the  exterior  and  interior  diameters  of  the  shell,  by  0.134  for  the 
weight  in  pounds. 

For  lend  hulls,  the  multiplier  is  0.2142. 

To  find  the  diameter  of  a  cast  iron  shot  of  a  given  weight : 

Divide  the  weight  in  pounds  by  0.131.  and  the  cube  root  of  the  quotient  will  be 
the  diameter  in  inches. 

To  find  the  quantity  of  powder  which  a  shell  will  contain  : 

Multiply  the  cube  of  the  interior  diameter  of  the  shell  in  inches  by  0.01744,  for 
the  weight  of  powder  in  pounds. 


INSPECTION   OF   SHOT   AND   SHELLS. 


Shot  and  shells  should  be  made  of  grey  or  mottled  iron,  of  good  quality  (see 
Chapter  XIV.  Cast  Iron).  They  must  be  cast  in  sand,  and  not  in  iron  moulds. 
The  shot  from  the  latter  are  generally  not  spherical  in  form,  nor  uniform  in  size; 
they  are  also  full  of  cavities,  and  are  cracked  by  being  heated. 

Spherical  case  shot  must  be  made  with  peculiar  care,  of  the  best  quality  of  iron, 
in  order  that  they  may  not  be  liable  to  break  in  the  gun. 


INSPECTION    OF    SHOT    AND    SHELLS.  31 

Shot. 

Inspecting  instruments — One  large  and  one  small  gauge,  and  one  cylinder 
gavsreffoT  each  calibre:  t lie  cylinder  gauge  has  the  same  diameter  as  the  large 
gauge;  it  is  made  of  cast  iron,  and  is  .0  calibres  long.  One  hammer,  weighing 
half  a  pound,  and  having  a  flat  face  and  a  conical  point.     Steel  punches. 

One  searcher,  of  steel  wire  No.  20.  with  a  handle. 

The  shot  should  be  inspected  before  they  become  rusty:  after  being  well 
cleaned,  each  shot  is  placed  01)  a  table  and  examined  by  the  eye  to  Bee  that  its 
surface  is  smooth,  that  the  metal  is  sound  and  tree  from  seams,  flaws  and  blis- 
ters. If  cavities  or  small  holes  appear  on  the  surface,  strike  the  point  of  the 
hammer  or  punch  into  them,  and  ascertain  their  depth  with  the  searcher;  if  the 
depth  of  the  cavity  exceed  0.2  inch,  the  shot  is  rejected;  and  also  if  it  appear 
that  an  attempt  has  been  made  to  conceal  such  defects  by  filling  up  the  holes 
with  nails,  cement.  &c. 

The  shot  must  pass  in  every  direction  through  the  lar::.    _  and  not  at  all 

through  the  small  one;   the  founder  should  endeavor  to  bring  the   shot   up  as 
near  as  possible  to  the  large  gauge  or  to  the  true  diameter. 

.A".  ]> — The  diameters  of  the  small  gauges  have  been  recently  increased,  in 
order  to  produce  greater  uniformity  in  the  dimensions  of  shot  and  shells,  by 
reducing  the  limits  of  variation  allowed  in  their  fabrication.  The  new  gs 
are  to  be  used  only  in  the  inspection  of  shot  and  shells  to  be  hereafter  made. 
and  the  projectiles  now  on  hand  are  not  to  be  rejected  from  service  on  account 
of  passing  through  these  g;n 

After  having  been  thus  examined,  the  shot  are  passed  through  the  cylinder 
gan  ge.whivh  is  placed  at  an  inclination  of  about  2  inches  between  the  two  ends, 
and  supported  on  blocks  of  wood  in  such  a  manner  as  to  be  easily  turned  from 
time  to  time,  to  prevent  its  being  worn  in  furrows.  Shot  which  slide  or  stick  in 
the  cylinder  are  rejected;  the  latter  must  be  pushed  out  from  the  lower  end  with 
a  wooden  rammer. 

Shot  are  proved  by  dropping  them  from  a  height  of  20  feet  on  a  block  of  iron, 
or  rolling  them  down  an  inclined  plane  of  that  height  against  another  shot  at  the 
bottom  of  the  plane. 

The  average  weight  of  the  shot  is  deduced  from  that  of  three  parcels  of  20  to 
50  each,  taken  indiscriminately  from  the  pile;  some  of  those  which  appear  to  be 
the  smallest  should  be  also  weighed,  and  they  are  rejected  if  they  fall  short  of 
the  weight  expressed  by  '.heir  calibre  more  than  one  thirty-second  part.  They 
almost  invariably  exceed  that  weight. 

Grape  and  Canister  Shot. 

The  dimensions  are  verified  by  means  of  a  large  and  a  small  gausre  attached 
to  the  same  handle.     The  surface  of  the  shot  should  be  smooth  and  free  from 

.-cams. 
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Sht  lis  and  Hollow  Shut. 

Inspecting  ivsinrMKNis.— A  large  and  small \gaugt  for  each  calibre,  ami  a 
cylinder  gnu gc  for  shells  of  8  inches  ami  umlrr. 

CaVipers  lor  measuring  tin-  thickness  of  the  metal  at  the  ^ides  of  the  shell. 

Calliper*  t"  measure  the  thickness  at  the  bottom  of  the  shell. 

-s  for  the  dimensions  of  the  fuze  hole,  ami  for  the  thickness  of  metal  at 
the  fuze  hole. 

A  pair  of  hand  bellows;  a  imodrv  plvgio  fit  the  fu/.c  hole)  and  bored  through 
to  receive  the  nozzle  of  the  bellows. 

A  hammer  y  a  searcher;  a  cold  chisel ;  steel  punches. 

The  surface  of  the  shell,  and  its  exterior  dimensions,  are  examined  as  in  the 
case  of  shot.  The  shell  is  next  struck  with  the  hammer  to  judge  by  the  Bound 
whether  it  is  tree  from  cracks;  the  position  and  dimensions  of  the  cars  arc 
verified;  the  thickness  of  metal  is  then  measured  at  several  points  on  the  great 
circle  perpendicular  to  the  axis  of  the  fuze  hole,  and  at  the  bottom,  and  at  the 
fuze  hole.  The  diameter  of  the  fuze  hole,  which  should  be  accurately  reamed, 
is  then  verified,  and  the  soundness  of  the  metal  about  the  inside  of  the  hole  is 
ascertained  by  inserting  the  finger. 

The  shell  is  now  placed  on  a  trivet  in  a  tub  containing  water  deep  enough  to 
cover  it  nearly  to  the  fuze  hoie;  the  bellows  and  plug  arc  inserted  into  the  fuze 
hole,  and  the  air  forced  into  the  shell;  if  there  are  any  holes  in  the  shell,  the  air 
will  rise  in  bubbles  through  thevwater.  This  test  also  gives  another  indication 
of  the  soundness  of  the  metal,  as  the  parts  containing  cavities  will  dry  more 
slowly  than  the  other  parts. 

The  mean  weight  of  shells  is  ascertained  in  the  same  manner  as  that  of  shot. 

Shot  and  shells  rejected  in  the  inspection  arc  marked  with  an  X.  made  with 
the  cold  chisel;  on  shot,  near  the  gate;  and  on  shells,  near  the  fuze  hole. 

PRESERVATION   AND   PILING    OF    BALLS. 

Balls  should  be  carefully  lackered  as  soon  as  possible  after  they  are  received. 
For  the  composition  of  lacker,  and  the  manner  of  applying  it,  see  CHAPTER  VII. 

When  it  becomes  necessary  to  renew  the  lacker,  the  old  lacker  should  be 
removed  by  rolling  or  scraping  the  balls,  which  should  never  be  healed  for  that 
purpose. 

Balls  are  piled  according  to  kind  and  calibre,  under  cover,  if  practicable,  in  a 
place  where  there  is  a  free  circulation  of  air.  to  facilitate  which  the  piles  should 
be  made  narrow,  if  the  locality  permits;  the  width  of  the  bottom  tier  maybe 
from  12  to  II  balls,  according  to  the  calibre. 

Prepare  the  ground  for  the  base  of  the  pile  by  raising  it  above  the  surround- 
ing ground  so  as  to  throw  oil'  the  water;  level  it,  ram  it  well,  and  cover  it  with 
a  layer  of  screened  sand.  Make  the  bottom  of  the  pile  with  a  tier  of  unserviee- 
balls  buried  about  two-thirds  of  their   diameter  in  the  sand;   this  base  maybe 
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made  permanent;  clean  the  base  well,  and  form  the  pile,  putting  the  fuze  holes 
of  shells  downwards,  in  the  intervals,  and  not  resting  on  the  shells  below.  Each 
pile  is  marked  with  the  number  of  serviceable  balls  it  contains. 

The  base  may  be  made  of  bricks,  concrete,  stone,  or  with  borders  and  braces 
of  iron. 

Grape  and  canister  shot  should  be  oiled  or  lackered,  put  in  piles,  or  in  strong 
boxes,  on  the  ground  floor,  or  in  dry  cellars;  each  parcel  marked  with  its  kind, 
calibre  and  number. 

To  find  the  number  of  balls  in  a  pile. 

Multiply  the  sum  of  the  three  parallel  edges  by  one-third  of  the  number  of  balls 
in  a  triangular  fact. 

In  a  square  pile,  one  of  the  parallel  edges  contains  but  one  ball;  in  a  triangu- 
lar pile,  two  of  the  edges  have  but  one  ball  in  each. 

»  (•  +  1) 

The  number  of  balls  in  a  triangular  face  is ^ :  M  being  the  number  in  the 

bottom  row. 

The  sum  of  the  three  parallel  edges  in  a  triangular  pile  is  n  +■  2;  in  a  square 
pile,  2  n  +  1  ;  in  an  oblong  pile,  3  N  +  2  n  —  2;  JVbeing  the  length  of  the  top 
row,  and  n  the  width  of  the  bottom  tier:  or,  3  m  —  n  +  I ;  m  being  the  length 
and  n  the  width  oi  the  bottom  tier. 

It  a  pile  consist  of  two  piles  joined  at  a  right  angle,  calculate  the  contents  of 
one  as  a  common  oblong  pile,  and  of  the  other  as  a  pile  of  which  the  three  par- 
allel edges  are  equal. 

In  the  following  table  of  the  number  of  balls  in  a  pile,  the  second  line  shows 
the  number  in  a  triangular  pile,  the  base  of  which  is  the  corresponding  number 
in  the  first  line. 

The  other  numbers  show  the  contents  of  square  and  oblong  piles;  the  length 
and  width   of   the   base    being  in  the  upper  line  and  in  the  left  hand   column 
respectively. 
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ARTILLERY  CARRIAGES. 

NOMENCLATURE. 

The   nomenclature  and    the   tables  of  dimensions  and  weights  given   in   llii* 
chapter,  apply  to  the  latest  patterns  adopted.     The  parts  are  enumerate'! 
ally  in  the  order  in  which  they  are  put  together. 

The  classification  adopted  for  bolts,  nuts,  chains,  nails,  screws,  etc.,  is  shown 
in  the  tables  following  the  nomenclature. 

FIELD   GUN  CARRIAGES. — Plate  3. 
There  arc  three  gun  carriages  for  field  artillery,  viz: 
One  for  the  6-pounder  gun  and  the  12-pounder  howitzer. 
One  for  the  24-poundcr  howitzer. 

One  for  the  12-pounder  gun  and  the  32-pounder  howitzer. 
The  parts  of  these  carriages  are  all  similar,  differing  only  in  their  dimensions 

Wood. 

1  stock,  in  two  pieces;  2  dowels  ;  2  cheeks;  1  axle  body. 


Irons. 


ii  trail  handles. 
2  bolts  and  2  nuts  for  do. 
1  lock  chain  bolt,  1  washer, 
1  eye  plate  for  lock  chain. 
1  lock  chain,  No.  5,  3  rings, 
1  lunette,  for  the  trail. 
1  trail  plate  ;  2  rivets. 
12  nails,  for  lunette  and  trail 

1  large  pointing  ring  and  pi; 

2  bolts  and  2  nuts,  for  do. 

1  small  pointing  ring. 

2  bolts  ami  2  nuts,  for  do. 
2  wheel  guard  plates. 

10  nails,  for  do. 
2  prolonge  hooks. 
8  nails,  for  do. 
1  stop,  for  rammer  head. 
4  nails,  for  do. 

1  ear-plate,  for  worm. 

2  nails,  for  do. 

1  key,  for  worm. 

1  key  chain  ;  1  eye-pin. 


and  1  nut, 
1  toggle. 


plate. 
Ue. 


1  eye-plate   for    sponge    and  ramtnei 
chains. 

2  screws,  for  eye-plate. 

2  chains   and   hasps,  for  sponge>  ;m<. 

rammers. 
2  turnbuckles  (brass). 
2  stud  plates,  for  turnbuckles. 
2  trunnion  plates. 
20  nails,  for  do.,  in  6-pdr.  and  24-pdi 

howitzer  carriage. 
2S  nails,  in  12-pdr.  carriage. 
2  chain  bolts  :  2  bevel  washers  and  ! 

nuts. 
2  key  bolls;  2  nuts. 
6  cheek  bolts  ;  4  washers ;  6  nuts 
2  cap  squares  ;  2  eye  pins. 
2  cap  square  chains;  2  eye  pins. 
2  cap  square  keys. 
2  key  chains  ;  2  eye  pins. 
2  D  rings,  for  handspikes. 
4  staples,  for  D  rings, 
1  linstock-socket. 
6  nails,  for  do. 
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field  urx  carriaoes — Irons — ( Continued. ) 


'<  rondt 

I  b  —  •  •  1 1 1 1 ) 1 1 1 1 -_r  bolts, 
i  washer*  and  3  nuts,  for  do. 
1  washer  hook,  (or  lock  chain. 
.'  washer  hooks,  lor  handspikes. 

1  axletree;  Ihe  arms,  the  stop. 

2  under  straps. 
1  axle  strap. 

i  bevel  washer,  for  6-pdr.  axle  strap. 
i  axle  strap  bolts;  3  nuts. 


2  axle  bands. 
ii  nails,  lor  do. 

1  box  for  elevatinsr  screw  (/-■ 

2  bolts,  foi  <lo.  :  2  washers;  2  nuts. 

1  i'Iim  Rting  screw. 

2  shoulder  washer-. 

2  linch  washers, 

'-'  linch  pins. 

2  vhrels. 


clelree. 


limbkr. — Plate  4. 
ime  limber  is  used  for  all  field  carriages: 


Wood. 


!  axle  body. 
2  hounds. 
I  fork. 
I  splinter  bar. 


4  fcot  board  brackets 

2  foot  boards. 

1  pole. 

1  pole  prop. 


Iron. 


screws,  for  foot  board  brackets. 

nails,  for  loot  boards. 

rivets  and  4  burrs,  for  hounds. 

plates,  for  stay  pins  ;  S  nails. 

axletree. 

pintle  hook. 

holts,  for  do.  ;  2  washers  ;  3  nuts. 

stay  plate,  for  limber  chest. 

nails,  lor  do. 

pintle  key. 

key  chain  ;  I  eye  pin. 

tar  bucket  hook;  2  nails. 

bolls,  for  hounds;  2  washers;  2  nuts 

under  straps. 

bolts,  for  under  straps  ;  I  nuts. 

axle  bauds  ;  li  nails, 

end  bands,  for  splinter  bar. 

rivets,  for  do. 

bolts,  for  hounds  and  splinter  bar. 

u  ashers  and  2  nuts,  for  do. 

eye  plate,  for  pole  prop  socket. 

middle  bands,  for  splinter  bar. 

trace  hooks. 

fork  strap. 


2  bolts,  for  splinter  bar  and  fork. 
2  nuts,  tor  do. 
1  pole  prop  socket  ;  1  rivet. 
1  pole  prop  ferrule;  1  rivet. 
1  pole  prop  chain;  1  toggle. 
1  eye  pin,  for  pole  prop  chain. 

1  burr,  for  eye  pin. 

2  stay  puis,  lor  ammunition  chest. 
2  keys,  for  stay  pins. 

2  key  chains  ;  2  eye  pins. 

1  rivet  and  1  burr,  for  end  of  pole. 

1  pole  bolt,  2  washers  ;  1  nut. 

1  pole  strap  and  3  rivets. 

2  pole  chains;  the  links;  the  ring'. 
1  muff,  for  pole  yoke. 

1  collar,  for  mull  ;  in  two  parts. 

2  branches,  for  pole  yoke;  2  rings. 
2  bolts,  for  collar  and  branches. 

1  washer,  lor  muff;  1   Ley. 

2  shoulder  washers. 
2  linch  washers. 

2  linch  pins. 

2  wheels.  No.  1. 

1  ammunition  chest. 
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WHEELS. 

There  are  two  Nos.  of  wheels  for  field  carriages.  No.  1,  for  the  G-pounder 
gun  carriage,  the  caisson,  the  forge,  the  battery  wagon,  and  for  the  limbers  of  all 
field  carriages.  No.  2,  for  the  24,-pdr.  howitzer  and  the  12-pdr.  gitn  carriages. 
These  wheels  are  of  the  same  form  and  height,  and  they  fit  on  the  same  axle- 
tree  arm;  they  differ  only  in  the  dimensions  of  their  parts,  and  consequently  in 
Strength  and  weight. 


1  nave. 

14  spokes. 
7  fellies. 
7  dowels. 


Wood. 


Iron. 

2  brow  bands  ;  2  end  bands. 
12  nails,  for  bands. 
1  tire. 

7  tire  bolts  ;  7  washers  ;  7  nuts. 
1  nave  box  [cast-iron). 


AMMUNITION   CHEST. — Plate  4. 

The  same  ammunition  chest  is  adapted  to  the  limber  and  to  the  caisson. 
For  the  interior  arrangements  of  the  chests,  for  diflerent  kinds  of  ammunition, 
see  Chapter  XI.  ~ 


Wood. 


2  sides. 

"2  ends. 

I  principal   partition. 

I  bottom. 


1  frame  for  cover;  2  sides;  2  ends 
1  panel  for  cover. 
1  cover  lining. 


Iron. 


34  cut  nails,  for  sides,  ends  and  bottom. 

4  screws,  for  the  bottom. 
GO  copper  nails,  for  cover  lining. 

1  corner  plates,  for  ends  and  sides. 

2  do.  for  ends  and  bottom. 
1             do.            for  side  and  bottom. 

9G  screws,  for  corner  plates. 
1  assembling  bolt;  1  nut. 
1  turnbuckle  (brass). 
1  washer  plate  for  do.;  2  screws. 
1  back  stay;  6  screws. 


2  front  stays  ;  4  rivets  :  8  screws. 
2  hinges;  4  rivets;  20  screws. 
2  hinge  plates;  4  screws. 
1  hasp;  1  rivet;  5  screws. 

1  hasp  plate;  2  screws. 

2  handles  ;  S  rivets. 

14  copper  washers,  for  rivets. 
56  copper  tacks,  for  washers. 
1  cover  (sheet  copper). 
216  copper  tacks,  for  cover. 


caisson. — Plate  4. 

Wood. 


1  middle  rail. 

2  side  rails. 
1  cross  bar. 

1  bolster,  for  front  foot  board. 


1  front  foot  board. 
1  rear  foot  board. 
1  axle  body. 
1  stock. 
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caisson — Iron. 


2  nails,  for  front  foot  board. 

1  bolt  fordo.:   '-'  washers;    1  utlt. 

6  nails  for  rear  foot  board. 

1  middle  assembling  bar. 

2  bolts,  '-'  washers  and  2  nuls,  for  do. 
1  carriage  book. 

1  rear  assembling  bar. 

2  bolts,  2  washers  and  2  nuts,  for  do. 
1  bridle,  lor  rear  of  middle  rail. 
1  nails,  for  the  bridle. 
1  spare  wheel  axle:  the  body,  2  ribs, 

1  washer.  3  rivets. 

1  chain  and  toggle,  for  spare  wheel  axle 

2  stays,  for  the  same;  2  nuts. 
1  stay  bolt ;   1  nut. 
1  foot  bolt ;  1  nut. 
1  lock  chain  bridle. 

1  lock  chain  and  toggle. 
'J  bolts,  for  lock  chain  bridle. 

2  washers  and  2  nuts,  for  do. 
1  lock  chr.in  hook;  2  nails. 

1  axletree. 

2  under  straps. 

4  bolts,  for  under  straps;   1  nuts. 
2  axle  bands  ;  6  nails. 
2  rivets  for  the  stock  ;  2  burrs. 
]  lunette;   12  nails. 


2  lunette  bolts;  2  nuts. 
1  key  plate,  for  spare  pole. 
1   Bpare  pole  key. 

1  key  chain  :   1  eye  pin. 

2  wheel  guard  plates;   10  nails. 

1  Stock  stirrup. 

2  bolts  for  do.:  2  washers  :  2  nuts. 
1  axle  strap. 

1  spare  pole  r.ng. 

■'!  bolls,  for  axle  strap;  3  nuts. 

«  plates,  for  slay  pins;   L6  nails. 

4  stay  pins. 

4  stay  pin  keys. 

4  key  chains;  4  eye  pins. 

1  ring  bolt,  for  spare  handspike. 

2  washers  and  1  nut,  for  ring  bolt. 

1  key  plate,  for  handspike;  2  nails. 

1  key  plate,  for  shovel ;  2  nails. 

2  keys,  for  handspike  and  shovel. 
2  key  chains;  2  eye  pins. 

2  staples,  for  tool  handles. 
2  shoulder  washers. 
2  linch  washers. 
2  linch  pins. 

2  wheels,  No.  1. 

2  ammunition  c/iests. 


TRAVELLING    FORGE. — Plate  5. 

Body  and  Bellows  House. 
Wood. 


2  side  rails. 

1  front  cross  bar;  2  pins. 

2  middle  cross  bars:  li  pins. 
1  rear  cross  bar;  2  pins. 

1  middle  rail;  4  screws. 

1  axle  body. 

1  stock. 

I  floorboards;  10  screws. 

4  corner  studs  ;  S  pins. 

1  front  board,  for  iron  room;  2  pins. 

2  side  sluds  ;    1  pins. 
2  plates. 

1  front  end  stud. 

2  end  boards  for  roof;   10  screws. 


2  roof  bows;  4  screws. 

2  side  linings,  for  iron  room  ;  12  nails. 

1  rear  end,  for  iron  room. 

2  groove  cleats,  for  cover  of  iron  room  ; 

t>  screws. 

1  sliding  cover,  for  iron  room;  6  boards 

and  2  battens:  36  nails. 

2  braces  for  the  bellows  arms;  6  screws. 
1  cap  for  coal  box  ;  5  screws. 

10  boards,  for  sides  of  bellows  house. 
7  boards,  for  the  roof. 
272  nails,  for  sides  and  roof. 
1  prop,  for  the  stock. 
1  bellows  pole. 
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Forge  Body. — Iron. 


1  axletree. 

2  axle  hands:  6  nails. 
2  under  straps. 

4  bolts  for  do.;  4  washers:  4  nuts. 
2  rivets,  for  stock  ;  2  burrs. 
]  lunette ;  12  nails. 
1  vice  bolt ;  1  nut. 
1  middle  lunette  bolt ;   1  nut. 
1  prop  bolt ;  1  nut. 
1  prop  socket  ;   1  rivet. 
1  prop  ferrule;  1  rivet. 
1  chain   and   toggle,  for  forge  prop;    1 
eye  pin. 

1  stock  stirrup. 

2  bolts,  for  stock  stirrup:  2  nuts. 
1  bolt  for  cross  bar  and  stock. 

1  washer  and  1  nut,  for  do. 

1  axle  strap. 

2  bolts,  for  do.;  2  nuts. 

2  wheel  guard  plates;  10  nails. 

2  stud  plates,  for  coal  box. 

2  rivets  and  2  screws,  for  do. 

2  keys,  for  coal  box. 

2  key  chains;  2  eye  pins. 

1  lock  chain  hook;  2  nails. 

]  bellows  pole  hook;  2  nails. 

1  staple,  for  bellows  pole. 

2  front  stay  plates,  for  bellows  arms. 
0  screws,  for  do. 


2  rear  stay  plates:   2  bolts;   2  thumb 

nuts. 
1  front  for  bellows  house,  |  m       fc 
1  cover  for  cross  bar,         J 
1  guard  for  stock;   13  tacks. 
1  stud  for  bellows  pole:  4  screws. 
1  cover   for    roof    (sheet  copper):    315 

copper  tacks. 
1  fire  place ;  G  plates  of  iron  joined  by 

59  rivets. 
1  air  back  (en.it  iron);  4   bolts,  for  the 

box  and  back  of  air  chamber. 
5  bolts,  for  fastening  the  air  back:    5 

nuts. 
1  bucket  hook;  2  rivets. 

3  plates,  for  side  rails  and  cross  bar. 
JO  bolts    for   do.;    8   washers    and     10 

nuts. 
1  lock  chain. 
1  lock  chain  bridle. 
1  brace,  for  fire  place;  4  rivets. 
1  bellows     pole     strap;   2    rivets:    3 

screws. 

1  bellows  pole  chain. 

2  shoulder  washers. 
2  I  inch  washers. 

2  linch  pins. 

2  wheels,  No.  1. 


Bellows. 


Wood. 


3  bellows  planks. 
2  cross  heads  ;  12  screws. 
2  ribs;  each  of  two  sides.  1  end,  1  cross 
bar;  fastened  with  S  clout  nails. 


2  valves;  2  battens;  1(3  nails. 
4  cleats,  for  the  bellows  arms. 
l(i  screws,  for  cleats. 


6  butt  hinges;  3b-  screws. 
2  arms;  4  rivets;  8  screws 
1  hook;  3  rivets:  4  screws. 


Iron. 


1  wind  pipe,  consisting  of  an  elbow,  a 
collar,  and  a  joint  pipe  of  brass: 
and  a  bent  pipe,  of  sheet  copper. 


Leather. 


4  hinges,  for  the  ribs. 
2  hinges,  for  the  valves;  2  straps. 
393  copper  tacks,  for  hinges. 


1  bellows  leather,  for  the  sides. 
617  bellows  nails. 
I     Safes,  for  the  heads  of  the  nails. 
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To  put  the  bellows  in  its  p/,m  :  Remove  the  coal  box  from  the  hack  of  llie  bel- 
;.>w-  house :  take  oul  the  two  May  plates  at  the  lower  ends  of  the  rabbets  in  the 
braces;  put  the  projecting  ends  of  the  upper  bellows  arm  in  the  rabbets,  and 
slide  iliein  up  until  the  ends  of  the  lower  arm  come  into  their  places  ;  put  on  the 
stay  plates,  and  fasten  them  down  with  the  thumb  nuts.  Screw  the  brass  elbow 
pipe  into  its  place,  through  the  hole  in  the  sheet  iron  front  of  the  bellows  house; 
put  In  the  copper  pipe,  and  screw  up  the  collar  which  connects  it  with  the 
elbow  pipe. 

Coal   Box. 
Wood. 


2  sides 

2  ends 
1  bottom 


rabbeted  together,  and  fast- 
ened with  50  cut  nails. 


1  top  piece  ;  7  screws. 
1  lid  ;  2  clamps  for  lid. 


Iron. 


1  corner  plates;  00  screws. 

2  end  straps;  2  rivets;    1  screws. 
2  handles:   4  washers  and  1  nuts. 

1  stud  plate,  for  turnbuckle;  2  rivets. 


I  turnbuckle. 

1  hasp;  1  rivet;  3  screws. 

1  cover  (sheet  copper);   16f<  copper 
tacks. 

2  hinges;  4  rivets;  1(3  screws. 


Limber  Chest. 

This  chest  differs  from  the  ammunition  chest  in  the  following  points,  viz: 

It  has  no  principal  partition,  and  instead  of  the  assembling  bolt,  with  the 
washer  plate  and  turnbuckle,  it  has  a  hasp  stap/>    ami  plate,  fastened  by  2  rivets. 

The  backstay  is  fastened  by  1  rivet  and  (3  screws.  The  heads  of  the  rivets  arc 
not  covered  with  copper  washers. 

Tor  the  interior  arrangement  of  the  chest,  see  Chapter  XI. 

battery  WAGON. — Plate  6. 

The  battery  wagon  carries  tools,  spare  parts  of  carriages  spare  harness,  and 
other  stores  required  for  the  service  of  a  battery  in  the  held,  and  for  repairs. 


2  lower  side  rails. 
5  cross  bars;   10  pins. 
.'I  floor  boards;  '36  nails. 

1  axle  body. 

2  upper  side  rails. 
2  sides  :  2  ends. 


Wagon  Body. 
Wood. 


1  stock. 

2  cleats,  for  the  till:  6  screws 
1  bottom  for  the  till. 

1  side,  for  the  till  ;   I  1  nails. 

2  sides,  for  forage  rack. 

3  bars,  for  forage  rack ;  0  pin> 
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Wagon  Body. 


Iron. 


2  rivets  for  lower  rails;  2  burrs. 

8  side  studs:   14  rivets. 

1  spare  stock  hook;  1  button. 

1  span;  stock  stirrup. 
4  grooves,  for  end-. 

2  assembling  bolts  :  2  nuts. 
12  groove  bolls  :    12  nuts. 

3  holts  for  side  studs;  .Swashers;  3  ni 
1  turnbuckle  boll;  1  washer;  1  nut. 
1  turnbuckle  (brass). 

I  hook,  for  cover  prop;   1  burr. 

1  eye  pin,  for  cover  hasp:   1  burr. 

2  stays,  for  upper  rails:    I  screws. 
2  end  studs  :  6  rivets. 

1  bolt,  for  front  end  stud  :  1  nut. 
1    washer   and   one   nut.   for   rear  < 

stud. 
1  mortise  plate:  S  screws. 

1  axletree. 

2  under  straps. 

4  bolts,  for  do. :  4  nuts. 

1  bolt,  for  front  of  right  side  rail. 

2  washers  and  1  nut,  for  do. 
2  bolts,  for  lock  chain  bridle. 
1  washer  and  2  nuts  for  do. 


1  lock  chain. 

1  lock  chain  bridle. 
J  lock  chain  hook;  2  nails. 

2  rivets,  for  stock:  2  burrs. 

1  lunette  :   12  nails. 

2  lunette  bolts  :  2  nuts. 
2  wheel  guard  plates:   10  nails. 

1  Block  stirrup. 

2  bolts,  for  do.;   2  nuts. 
2  bolts,  for  stock  and  cross  bars. 
2  washers  and  2  nuts,  for  do. 
2  washer  plates,  for  rails:  4  screws. 
2  forage  rack  chains,  each  of  1  ring. 

32  links  and  1  hook. 
2  forage  rack  bands  ;    2  rivets  ;    22 
Jid  screws. 

I  washer  plates,  forage  rack  sides. 

1  rivets,  tor  do. 

2  forage  rack  bolts  ;    2  washer.-  :    2 

nuts. 
2  shoulder  washers. 
2  linch  washers. 
2  linch  pins. 

2  wheels.  No.  1. 


WagOD  Cover. 
Wood. 


2  side  rails. 
2  end  rails. 
2  end  studs;  2  pins;  4  rivets. 


2  end  boards  ;   14  screws. 

1  ridge  pole. 

9  cover  boards:  36  cut  nails 


Iron. 

4  corner  squares;   16  screws.  1  cover  prop,  to  support  the  cover. 

2  end  bows;  36  rivets.  1  hasp. 

2  middle  bows;  2  rivets;  36  screws.      ■,  3  hinges. 

4  joint  bolts  :  4  nuts.  j  6  bolts,  6  nuts,  and  6  rivets,  for  hinges. 

2  plates  and  staples  ;  2  rivets:  2  screws.  | 

The  roof  is  covered  with  strong  linen  canvass,  which   is  fastened  with  264 
copper  nails,  with  strips  of  leather  under  their  heads. 


Limber  Chest. 

This  chest  is  like  that  of  the  travelling  forge.     For  the  interior  arrangement  of 
the  wagon  body  and  the  limber  chest,  see  Chapter  XI. 
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SIEGE  CARRIAGES. 

GUN   CARRIAGE. — Plate  7. 

There  are  three  gun  carriages  for  siege  artillery,  viz: 
One  for  the  12-pounder  gun  ; 
One  for  the  lS-pounder  gun  ; 

One  for  the  21-pounder  gun  and  the  8-inch  howitzer. 
These  carriages  are  constructed  in  the  same  manner,  differing  only  in  their 
dimensions. 

When  the  8-inch  howitzer  is  mounted  on  the  24-pounder  carriage,  a  quoin  is 
used  instead  of  the  elevating  screw  ;  the  howitzer  being  too  short  to  rest  on  the 
screw. 


Wood. 


1  stock,  in  two  pieces:  2  dowels. 

2  cheeks. 


I  axle  body. 

1  breech  bolster. 


Iron. 


1  assembling  bolt ;  2  washers;  1  nut. 

1  manoeuvring  bolt ;  2  collars. 
4  washers  and  2  nuts,  for  do. 
C  rondelles  (cast.  iron). 

2  assembling  bolts;  4  washers  ;  2  nuts. 
1  lock  chain  bolt;  2  washers;  1  nut. 

1  lock  chain  and  toggle. 

1  shoe ;  1  key,  for  shoe. 

2  trunnion  plates. 

2  chin  bolls  ;  2  bevel  washers  ;  2  nuts. 

2  key  bolts  ;  2  nuts. 

4  cheek  bolts;  4  washers;  4  nuts. 

2   travelling  trunnion  bolts. 

2  washers,  2  nuts,  for  do. 

2  trunnion  plate  bolts;  2  nuts. 

2  cap  squares  ;  2  eye  pins. 

2  cap  square  chains  ;  2  eye  pins. 

2  cap  square  keys. 

2  key  chains  ;  2  eye  pins. 

1  axle  tree. 

2  understraps. 
1  axle  strap. 


2  bolts,  for  axle  strap;  2  nuts. 

2  axle  bands  ;  G  nails. 

1  lock  chain  hook;  2  washers;  1  nut. 

1  hook,  for  the  shoe. 

1  cheek  plate,  for  do. ;  3  screws. 

1  box,  for  elevating  screw  (brass). 

2  bolts,  for  do. ;  2  washers;  2  nuts. 
1  elevating  screw. 

1  strap   staple  ;    1    leather    strap   and 

buckle. 

2  wheel  guard  plates  ;  12  nails. 

1  lunette;  the  rondelle  ;  3  rivets. 

2  lunette  bolts;  2  washers;  2  nuts. 

1  trail  plate ;  the  guard  plate  ;  6  rivets. 
29  nails,  for  trail  plate. 

2  bolster  bolts;  2  washers  ;  2  nuts. 
2  shoulder  washers,  for  axletree. 

2  linch  washers. 
2  linch  pins. 

2  vheels. 


NOMENCLATURE. — SIEGE    CARRIAGES. 
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WHEEL. 

The  same  wheel  is  used  for  all  the  siege  gun  carriages  and  their  limbers. 

Wood. 

1  nave;  14  spokes  :  7  fellies ;  7  dowels. 

Iron. 

2  brow  bands;  2  end  bands;  12  nails;  1  tire  ;  7  tire  bolts;  7  washers;  7  nuts  : 
1  nave  box  (brass). 

limber. — Plate  7. 

Wood. 

1  fork :  2  hounds  ;   1  splinter  bar  ;  1  pole  ;  1  leading  bar. 


Iron. 


J  rivet  bolt,  for  fork  ;  2  washers  :  1  nut. 

1  axletree. 

1  pintle  plate ;  7  nails. 

1  sweep  bar. 

2  bolts,  for  ears  of  sweep  bar. 
2  washers  ;  2  nuts,  for  do. 

1  axle  strap. 

1  lashing  chain;  4  rings;  1  hoo'.c. 

G  axlestrap  bolts  ;  2  washers  ;  6  nuts. 

2  understraps. 

1  bolts,  for  do. ;  2  washers  ;  4  nuts. 

1  pintle  ;  1  nut. 

2  end  bands,  for  splinter  bar:  4  rivets. 
2  middle  bands,  for  do. 

4  trace  hooks,  for  splinter  bar. 

1  bridle,  for  front  of  fork. 

2  bolts,  for  splinter  bar  and  fork. 
2  nuts,  for  do. 

2  bolts  for  splinter  bar  and  hounds. 

4  washers  and  2  nuts,  for  do. 

I  bridle,  for  middle  of  fork ;  4  nails. 


1  rivet    for  the  pole;  1  burr. 

1  eye  plate,  for  pole. 

2  pole  chains. 

1  ferrule,  for  end  of  pole. 

1  pole  clasp;  1  clasp  bolt. 

2  bolts,  for  eye  plate ;   3  washers ;  2 

nuts. 
2  bolts,  lor  pole  and  fork. 
4  washers  and  2  nuts,  for  do. 
1  middle    band,    for    leading   bar  ;    2 

rivets. 
1  hook,  for  do. 

1  double  trace  hook,  for  middle  band. 

2  end  bands,  for  leading  bar;  4  rivets. 
2  trace  hooks,  for  end  bands. 

2  axle  shoulder  washers. 
2  linch  washers. 
2  linch  pins. 

2  wheels. 
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CHAP.    Ill 


-ARTII.I.KRY    CARKIACKS. 


MOBTAB    WAGON. 

This  wagon  is  designed  lor  the  transportatioa  of  siege  mortars  and  their  beds, 

or  of  jru us.  or  large  shot  and  shells. 

The  limber  and  the  wheels  are  the  same  as  those  of  the  gun  carriage. 

Wood. 


2  middle  rails. 

1  Iron!  traosom  ;  2  dowels. 

1  middle  transi  im. 

1  rear  transom. 

2  side  rails. 

1  rear  cross  bar. 

ti  middle  cross  liars. 

2  front  cross  bars. 


2  bottom  planks  ;    12  nails. 
1  axle   body. 

1  windlass. 

2  handspikes. 

1  muzzle  bolster. 

6  stakes. 

A  frame,  for  balls,  when  required. 


Iron. 


1  assembling  liar. 

2  handspike  hooks;  4  nails. 

1  assembling  bolt;  2  washers;  1  nut. 

1  eye  plate,  lor  lashing  chain. 
1  boll,  for  do.;  2  washers*;  1  nut. 

1  bolt,  for  front  transom. 

2  washers:    I   nut,  for  do. 
2  manoeuvring  staples. 

2  cross-bar  plates. 

12  bolts,  for  do. ;  9  washers  ;  12  nuts. 
1  lock  chain  bridle. 
1  bolt,  for  do.  ;   I  nut. 
1  lock  chain ;    I  shoe  ;   1  key. 
1  trail  plate  ;    1 1  nails. 
1  lunette;  1  reinforce  plate:  4  rivets. 

1  bridle,  for  the  pintle. 

3  bolls,  for  lunette  and  bridle;  3  nuts. 

2  wheel  guard  plates;    12  nails. 

1  axletree. 

2  understraps 

I  bolts,  for  do. ;  4  nuts. 


I  bolls,  lor  middle  rails  and  axle  body. 
1  nuts,  for  do.;   2  axle  straps. 

1  breech  hurter  :    I  nails. 
fi  si  a  ice  sockets  ;   6  pins. 

•r)  pins,  for  muzzle  bolster. 
10  bolts,  for  do. ;  10  washers;  10  nuts. 

2  lock  chain  hooks;  2  washers  :  2  nuts. 

1  tar  bucket  hook  ;  2  nails. 

4  handspike  socket  plates:    32  nails. 

2  bands,  for  windlass;   ti  nails. 
2  journal  boxes  (brass). 

2  journals. 

1  journal  plates  j    1  nails. 
4  bolls,  for  do. ;  4  nuts. 

2  roller  hooks. 

2  handspike  straps;    I  rivets. 
2  axle  shoulder  washers. 
2  linch  washers. 
2  linch  pins. 

2  ir  It  1 1  As . 
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BARBETTE   CARRIAGES. — Plate  8. 

The  barbette  carriage  consists  of  a  gttn  carriage  and  a  chassis,  or  traversing 
carriage. 

The  carriages  for  pieces  of  the  following  calibres  are  similar  to  each  other. 
with  some  slight  exceptions,  mentioned  in  the  nomenclature,  viz.  :  for  the 
12-pounder,  18-pounder,  24-pounder,  32-pounder,  and  42-pounder  guns,  and  for 
the  8-inch  and  10-inch  sea  coast  howitzers.  The  carriages  for  the  columbiads 
are  not  yet  definitely  arranged. 

Some  chassis  have  been  arranged,  for  use  in  peculiar  situations,  with  the  pin- 
tle under  the  middle  transom,  and  others  with  the  pintle  under  the  rear  transom. 

GUN    CARRIAGE. 

Wood. 


2  uprights. 

2  braces. 

1  front  transom. 

1    middle  transom. 


1  rear  transom. 

J  transom  and  axle  tie  ;  2  dowels 

1  elevating  bed  ;  2  dowels. 

1  axle  body. 


Iron. 


2  trail  rivet  bolts;  "J  washers;  2  nuts. 
2  rivet  bolts,  for  uprights. 

1  washers  and  2  nuts,  lor  do. 

2  cheek  bolts;  2  washers  ;  2  nuts. 
2  bevel  washers,  for  do.  (cast  iron.) 

1  lunette. 

4  assembling  bolts,  b  washers  and  4 
nuts,  tor  12-pdr.,  18-pdr.,  and  21-pdr. 
carriages. 

G  assembling  bolts,  12  washers  and  G 
nuts,  for  other  carriages. 

2  transom  and  tie  bolts,  1  washer;  2  nuts. 
For  8-inch  howitzer:  2  washers. 

1  bed  plate  bolt;   1  washer;   I  nut. 

For  8-inch  howitzer  :  2  bolls  ;  2  washers  ; 

2  nuts. 
1  bed  plate,  for  elevating  screw. 
1  nut.  lor  elevating  screw  ;  4  handles. 
1  elevating  screw. 

1  axlelree. 

2  axle  stirrups;  2  bridles  ;  4  mils. 

]  clamp  washer,  for  12  and  )b-pdr.  car- 
riages. 


1  axle  and  tie  brace,  for  larger  calibres. 

2  axle  and  tie  bolls. 

1  double  washer,  for  do. ;  2  nuts. 

1  bolt,   lor   middle  transom  and  lie:    1 

nut. 

2  washers,   for    do.,    in    12    and    l^-pdr. 

carriages. 

1  washer,    in    other   carriages,    except 

8-inch  howitzer. 

2  manoeuvring  bolts;  2  washers:  2  nuts. 
2  collars,  2  cheek  plates,  and  2  screws. 

for  12,  lb  and  21-pdr.  carriages. 

1  collars.  4  cheek  plates,  and   I  screws. 

for  other  carriages. 

2  manoeuvring  staples. 
2  trunnion  plates. 

4  trunnion  plate  bolts;  4  nuts. 

2  rollers  [cast  iron  ). 

2  axle  shoulder  washers. 

2  linch  washers. 

2  linch  pins. 

2  wheels. 


WHEEL. 

Wood  :  10  spokes. 

Iron:   1  nave  (cast  iron);   1  tire;  10  tire  nails. 
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HARHETTE C1IA--I-. 


1!  rails. 

2  hurters ;  4  nails, 
2  counter  hurters : 
1  front  transom. 


1  nails. 


Wood. 


I    1  middle  transom 
1  rear  transom. 
1  tongue. 
1  prop. 


Iron. 


2  rail  plates  ;  30  screws. 
•1  bolts,  for  do.;    1  washers;  4  nuts. 
4  rivets,  for  hurters;  4  burrs. 
6  rivet  bolts,  for  front  and  middle  tran- 
soms. 
6  washers  and  6  nuts,  for  do. 
1  friction  plate;   10  nails. 

1  transom  and  tongue  brace,  for  32-pdr. 

and  higher  calibres. 

2  hurter  and  rail  bolts;  4  washers;  2  nuts. 
2  front  transom  and  rail  bolts;  2  nuts. 

2  middle  transom  and  rail  bolts. 

2  washers  and  2  nuts,  forsdo. 

For  32-pdr.  and  higher  calibres  :  4  bolts  ; 

4  washers  ;  4  nuts,  for  do. 
4  counter  hurter  and  rail  bolts;  4  nuts. 
2  fork  sockets. 


2  fork  plates  ;   12  nails. 

2  bolts,  for  rear  transom  and  fork  plates. 

2  nuts,  for  do. 

1  manoeuvring  loop;  2  nails. 

1  loop  bolt  ;   1  nut. 

3  transom  and  tongue  bolts. 

3  washers  and  3  nuts,  for  do. 

2  prop  plates  ;  4  nails. 

1  prop  bolt;  1  key. 

2  forks. 

2  fork  bolts;  2  nuts. 

2  traverse  wheels  {coat  iron). 

For  32-pdr.  and  higher  calibres,  add  : 

4  pipes  (cast  iron). 

2  pipe  bolts;  4  washers  ;  2  nuts. 

1  pintle. 


PINTLE   CROSS. 

Wood:  2  cross  pieces — 1  pintle  bolster,  fastened  to  the  cross  by  4  octagonal 
wooden  pins,  1  inch  thick. 

Iron  :  1  bolster  plate  (cast  iron),  fastened  to  the  bolster  by  4  bolts;  4  washers 
and  4  nuts,  for  do. 
1  pintle;  1  washer  and  1  key,  for  do. 
In  temporary  batteries,  a  circular  platform  of  plank  is  required  for  the  wheels 
of  the  chassis  to  traverse  on. 

In  permanent  batteries,  the  bolster  plate,  the  pintle  and  the  traversing  circle 
are  fixed  in  masonry. 


NOMENCLATURE. 
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CASEMATE  CARRIAGES. 


Each  carriage  consists  of  a  gun  carriage  and  a  chassis. 

The  carriages  for 24,  32,  and  42-pounder  guns,  anil  the  fe-inch  Coltunbiad.  are 
similar  to  each  other,  differing  only  in  their  dimensions. 

A  special  carriage  is  arranged  for  mounting  the  24-ponnder  iron  howitzer  in 
the  flanks  of  casemate  batteries. 

<;r.\  CARRIAGE. — Plate  9. 


Wood. 


2  cheeks,  each  in  2  pieces. 
2  dowels,  lor  do. 
1  front  transom. 
1  rear  transom. 


1  slide  ;  2  dowels. 

1  axleiree. 

2  guides. 


Iron. 


S  cheek  bolts;  10  washers;  S  nuts. 

2  trunnion  plates. 

4  bolts,  for  do. ;  4  nuts. 

1  elevating  screw. 

1  bed  plate,  for  screw  (cast  iron). 

1  nut,  lor  do.  (brass  I. 

1  pinion,  lor  do.  {brass). 

I  shaft,  for  pinion;  1  set  screw. 

1  cheek  washer;   3  screws. 

1  handle,  for  shaft  (east  iron). 

1  washer  and  1  nut,  for  do. 

2  bed  plate  bolts;  2  washers;  2  mils. 
2  bolts,  for  rear  transom  and  slide. 

2  washers  and  2  nuts,  for  do. 


1  trail  roller  (cast  iron). 

1  roller  shall. 

2  eccentrics,  for  roller  shaft. 

2  roller  bolts:  2  washers;  2  nuts. 
2  trail  handles. 

1  assembling  bolls:  I  washers;  4  nuts. 
8  axle  skean>  :    Ifl  nails. 

2  axle  shoulder  plates;   10  nails. 

bands  :  8  nails. 
2  understraps. 

4  guide  bolts  :   8  washer-  :    1  nuts. 
2  finch  pins. 

2  truck  wheels  (east  iron). 


chassis. — Plate  0. 
Wood. 


2  rails. 

2  counter  barters  ] 

1  front  transom. 


2  dowels. 


1  rear  transom. 

1  tongue. 

1  prop  :  2  pins. 


Iron. 


2  bolts,  for  rear  transom  and  rails. 

2  washers  and  2  nuts,  for  do. 

2  bolts,  for  front  transom  and  rails. 

2  washers  and  2  nuts,  for  do. 

2  bobs,  for  counter  htirters  and  rails. 

2  washers  ami  2  Dots,  for  do. 

2  rivet  bolts,  for  the  tongne. 

1  double  washer  and  2  nuts,  for  do. 

2  bolts,  for  front  transom  and  t  jngue. 
2  washers  and  2  nuts,  for  do. 

1  tongue  fork. 

1  front  transom  strap. 

4 


1  rear  transom  and  tongue  brace. 

2  brace  bolts:  2  nuts. 

S  journal  boxes  (brass). 

8  caps,  for  do.;    Jri  screws. 

4  traverse  wheels  (cast  iron). 

2  rail  plates;  3  screws;   f>4  nails. 

2  rail  plate  bolts;  2  washers:  2  nuts. 

1  tongue. 

2  tongue  bolts;  2  nuts. 

1  pintle  (cast  iron). 
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24-PDR.  IIOWIT/KI!  CARRIAGE,  FOB    FLANK  CASEMATES. 


GUN    CARRIAGE.  —  I'liitr    10. 


W'".,D  :  2  cheeks 


Iron. 


2  trail  bandies;   I  washers;   1  nuts. 

2  manoeuvring  rings. 

.'  eye  holts,  for  do. :  2  nuts. 

2  imil  plates  :  8  nails. 

2  cheek  hohs;  2  washers;  2  nuts. 

2  trunnion  plates. 

2  bolts,  for  do.;  2  washers;  2  nuts. 

4  key  holts ;  -1  nuts. 

1  front  transom  I  ,       .  .       . 
>  (cast  troti). 

1  rear  transom    J  ' 

3  assembling  bolts;  6  washers;  ■'!  nut* 

2  underslraus. 

2  roller  lorks;  2  keys. 
2  rollers  (brass). 


2  fork  holts;  2  nuts. 

2  cap  squares  j   I  eye  pins. 

1  cap  s,|iiarc  keys  :    1   key  chains. 

I  trail  roller  | east  iron). 

1  roller  journal. 

2  eccent  rics,  for  do. 

2  journal  plates  r);   1  .screws. 

1  roller  handspike. 

1  elevating  screw. 

1  box  ami  1   pinion,  fordo,  (brass). 

1  shall,  lor  pinion;    1   >el  screw. 

1  handle,  for  shaft ;  1  screw. 

1  cheek  washer;  .'(  screws. 


CHASSIS. — Plate  Id. 

Wood. 


2  rails. 

1  front  transom  ;   I  dowels. 


2  middle  transoms  ;    1  pins. 
1  rear  transom  :    1  dowels. 


Iron. 


3  assembling  bolts;  Swashers;  '■'>  nuts 

1  collar,  for  middle  assembling  holt. 

1   upper  pintle  plate. 

1    low  er  pint  le  plate. 

5  bolts,  lor  pintle  plates  ;   5  nut s. 

1  hurter  plate  ;    1  screws. 

2  counter  hurter  plates:  S  screws. 

'.'  counter  hiirters;  2  washers;  2  nuts. 
1  prop. 


2  prop  holis  ;  2  nuts, 
l  brace,  i> a-  the  prop. 
1  brace  boll ;   1  nut. 

1  fork,  for  Ira  verse  wheels. 

2  fork  ami  prop  holts;  "_'  nuts. 
2  traverse  wheels  (east  iron). 

2  traverse  wheel  bolts;  2  nuts 

1  pintle. 


MORTAR  BEDS. 


BEDS    Kin:    8-INCH    AM)    10-INCH    BIEGE    MORI  \i:>. 

Wood  :  1  bolster,  for  tin;  quoin. 

Iron:  2  cheek.-,  1   middle   transom,  ami  1  front   transom,  in  one  piece  (pewit   iron). 

1  manoeuvring  holts,  cast  in  place. 

2  cap  squares;   I  cap  square  straps;   1  holts:   1  keys. 
'.'  bolster  holt,-:  2  nuts. 


NOMENCLATURE. MORTAR     BEDS MACHINES. 
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PLATFORM  FOR  SIEGE  MORTARS. 

Wood:  G  sleepers  ;  IS  deck  planks  ;  72  dowels. 
Iron  :  12  eye  bolts. 

COEIIORX   MORTAR    BED. 

Wood:  The  bed  is  a  block  of  oak  wood,  in  1  or  2  pieces. 
Iron:  2  assembling  bolts ;    I  washers;  2  nuts. 

2  cap  squares  :  'J  holts  ;  2  nuts. 

4  handles :  4  bolts  :  4  nuts. 

EPROTJVETTE    MORTAE    BED    AMD   PLATFORM. 

The  led plate  lor  the  eprouvetie  mortar  is  of  cast  iron. 

The  plate  is  let  into  a  platform  of  oak  wood,  formed  of  one  or  two  pieces, 
strengthened  by  2  bolts,  with  4  washers  and  4  nuts. 

This  wooden  platform  is  fastened  with  1  holts,  No.  7,  to  a  block  of  stone,  of 
the  same  dimensions  as  the  wood,  which  is  firmly  imbedded  in  the  ground. 

MACHINES. 
FIELD    AND    SIEGE    GIN. 

Wood. 


2  Iocs. 

1  pry  pole. 

3  braces. 


6  assembling  pins 

1  windlass. 
5  handspikes. 


Iron. 


6  rivets,  for  braces;   6  burrs. 

1  tongue;  3  rivets. 

2  head  straps  :    I  rivets  j   l'i  screws. 

1  assembling  bolt;  2  washers;  1  nut. 

2  screws,  for  washers. 
2  sheaves  {brass). 

1  sheave  boll  ;    1   key. 

2  oval  washers,  for  i\o.  ,  2  screws. 
1   key  bolt,  for  pry  pole. 

1  chain,  lor  do.  ;   1  eye  pin. 


2  journal  boxes. 

8  bolts  for  do. ;  8  washers  ;  S  nuts 
2  gudgeons,  for  windlass;  2  keys. 
4  bands,  for  windlass;    16  nails. 

2  bands,  lor  less  ;   4  nails. 

3  bands,  for  pry  pole;  li  nails. 
3  points,  for  legs  and  pry  pole. 

1  handle,  for  pry  pole. 

2  washers,  for  do. :  6  screws. 

1  pry  pole  tongue;  2  rivets  ;. 2. burrs. 


Single  Pulley  Block. 

1  sheave  (brass);  2  straps;  1  cross  head;  1  hook;  3  bolts;  3.  nuts. 
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G aurisox  GEN — Plate  11. 
Wood. 


'.  leprs  ;  2  level  blocks. 
1  pry  pole. 


11  cleats,  for  pry  pole;  22  nails. 
1  windlass. 


Iron. 


ti  bands,  for  lejrs  and  pry  pole. 
L8  nails,  for  bands. 
2  rivet  bolts;  2  nuts. 

2  braces. 

1  brace  bolls;  8  washers;  32  nails. 
1  keys,  for  brace  bolts. 
I  key  chains;  4  eye  pins. 

3  points,  for  legs  and  pry  pole. 
I  pry  pole  handle. 

.'  washers,  for  do.;  S  nails. 


1  clevis. 

1  clevis  bolt ;  1  pin. 

2  keys,  for  clevis  bolt. 

2  key  chains;  2  eye  pins. 

2  journal  boxes  (brass);  S  screws. 

2  pawls. 

2  bolls,  for  do.;  2  washers  ;  2  nut? 

2  journals,  for  windlass. 

6  bands,  for  windlass  ;  24  nails. 

2  ratchets  (cast  iron)  ;  4  nails. 


Pulley  Blocks. 

They  are  made  with  one,  two.  three,  or  four  sheaves. 

Iron  :  2  straps  ;  2  cross  heads,  with  2  eyes  riveted  in  them;    1  nuts,  for  cross 
heads  ;   1  hook,  welded  into  one  of  the  eyes;  1  sheave  bolt;  1  nut. 
The  partitions  ;  the  sheaves  (brass). 

CASEMATE    GIN. 
It  is   made  like  the  garrison  gin,  differing   from  it  only  in  the  dimensions  of 
^ome  parts.     The  pry  pole  has  but  6  cleats,  for  steps. 

SLING  cart — Plate   11. 


1  axletree;  1  bolster;  1  pole 


Wood 

S  hounds ; 

Iron. 


1  pole  prop. 


1  lower  axle  skean. 

2  upper  axle  skeans. 
6  rivets,  for  skeans. 

2  bands,  for  axle  arms. 

1  washer  plates,  for  hooks;   16  nails. 

4  hooks;   l  washers;  4  nuts. 

1  stirrups,  for  axle  and  bolster. 

2  bridles,  for  do. ;  4  nuts. 

1  bed  plate,  for  screw  (cast  iron). 

2  bolts,  for  do. ;  2  nuts. 
1  bi  'i-ting  screw. 

1  nut,  for  screw  (brass). 

1  handle,  for  screw. 

2  rivets,  tor  pole  ;  2  burrs. 

1  pole  strap  ;   12  nails. 

•  i  bolts,  for  do. ;   3  nuts. 

2  bolts,  lor  axle  and  hounds;  2  nuts. 

3  bands,  for  hounds;  0  nails. 


2  bolts,  for  hounds  and  pole. 
4  washers  and  2  nuts,  for  do. 
1  cascable  chain  and  hook. 
1  pole  staple;  2  washers;  2  DUU 

1  eye  pin,  lor  pole  prop. 

2  washers  and  1  nut,  for  do. 

1  Bocket,  for  pole  prop;   1  rivet. 
1  ferrule,  lor  do.;   J   rivet. 
1  chain  and  toggle,  lor  do. 

1  eye  pill,  for  pole  prop  chain. 

2  axle  shoulder  washers. 
'J  liuch  washers. 

2  linch  pins. 

1  sling  chain  and  hook. 

2  trunnion  chains. 

2  wheels. 


NOMENCLATURE. MACHINES.  O.i 

Sling  Cart.— "Wheel. 

Wood  :   1  nave;  16  spokes;  S  fellies:  S  dowels. 
Iron:  4  nave  bands  :    12  nails. 

1  tire  ;  S  tire  bolls  ;  S  washers  ;  S  nuts. 

2  nave  boxes  (cast  iron). 

CASEMATE    TRUCK. 

This  truck  is  designed  for  transporting  guns  in  casemate  galleries,  or  through 
posterns. 

Wood:  2  mils  ;  3  transoms  ;   1  handle. 

f ron  :   1  rear  transom  plate;  2  rin:rs,  for  drag  ropes  :  4  nails. 

1  front  transom  plate:  "2  riiiirs.  lor  drasr  ropes  ;  t>  nails» 
li  bolts,  tor  rails  and  transom  plates;  G  nuts. 

2  fork  plates,  for  rear  wheels  :  S  nails. 

1  fork  socket,  for  trout  wheel;  it  is  round,  to  allow  the  fork  to  turn 

3  forks  and  3  bolts,  for  wheels. 
1  fork  plate,  for  front  wheel. 

1  tongue,  fastened  to  the  front  fork  plate  by  1  bolt  and  1  nut. 
3  truck   wheels  '(cast    iron),   like   the   traverse   wheels   of  the  barbette 
chassis. 

HAND    CART. 

V.".     ;i :   1  bolster,  for  asletree:  2  lower  side  rails. 

3  cross  bars  ;  2  upper  side  rails  ;  2  end  rails  ;  6  side  studs  :  6  end  stud* 

5  bottom  boards. 
Iron:  70  wood  screws,  tor  fastening  the  sides,  ends,  and  bottom. 

1  axletree  :   2  bolts,  for  do. ;  2  nuts. 

2  props  :  4  bolts,  for  do.  :  4  nuts. 

2  shoulder  washers:  2  linch  washers:  2  linch  pins. 
2  wheels. 

Wheel. 

Wood:  1  nave  ;  12  spokes  ;  6  fellies. 
Iron:  2  nave  bands:  6  nails. 

1  tire;  6  lire  bolls:  6  washers:  6  nuts. 

1  nave  box. 

STORE    TRICK. 
This  is  a  common  hand  truck,  used  in  store  houses  for  moving  boxes,  etc. 
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LIFTING   JACK. 

\  geared  Bcrewjack,  for  lilting  heavy  weig 
Wood:   1  bed  plate. 

Iron:  2  rivet  bolts,  for  bed  plate;    I  washers:  2  nuts. 
2  eye  plates,  for  braces:  ('i  screws. 

1  Btand  [cast  iron) ;   1  steadying  points,  for  the  stand. 

2  braces  :   2  brace  bolts. 

1  hoisting-  screw  :    1  plate,  fastened  to  the  fool  by  3  smews. 

I  nut  and    I   pinion,  for  hoisting  screw  (brass) ;   1   shall,  lor   the   pinion 

1  set  screw ;  1  crank:  1  nut.  » 

1  handle  (wood)  :  1  washer  and  1  nut,  for  do. 
1  cap  plate;  4  bolts,  for  do. 

LEVER    JACK. 

The  lever  jack  is  an  adjustable  fulcrum,  wyth  a  long  lever. 

Wood:  The  stand  (oak)  consists  of  1  bed,  2  uprights.  1  transom,  and  2  pins. 

1  lever. 
Iron:   1  transom  bolt  :   2  washers  and  I   nut.  fordo. 

1  fulcrum  bolt  ;  1  chain,  for  do.;  1  eye  pin. 

2  lever  plates  ;  12  screws. 

Weights. 

Store  truck 80  pounds 

Lifting  jack 160  " 

Casemate  gallery  truck 600 
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Principal  dimensions  and  weights  of  Field  Gun  Carriages  and 

Limbers. 


DIMENSION?. 


Hist nn re  between  the  iu-ide  of  the  trunnion  plates 

Diameter  of  the  trunnion  holes 

Depth  of  the  centre  of  trunnion  hole  below  the  upper  face 

of  the  trunnion  plate 

Distance  of  axis  of  trunnions  in  rear  of  axis  of  axletree, 

the  piece  being  in  battery  on  horizontal  ground 

Distance   from  axis  of  trunnions  to  axis  of  axletree 

Height  of  axis  of  trunnions  abo^  the  ground , 


Vertical    field 
of  lire, 


|  above  the*  horizontal  line.     Howitzer** 
nv  the  horizontal  line. 


i  from  ot  wheels 

Howitzer,    {  ,-      .       , 

rear  Ol    wheels.  , 


1  ,     ,         ,,      ,  .I.  (dim 

bo  ow     he  horizontal    line.      ,  , 

|   Howitzer.  .  .  . 

Distance  between  the  points  of  contact  of  trail  and  wheels 

with  the  ground  line 

Distance   from   front   of   wheels   to  end   of   trail,   the   piece 

being  in  battery 

Distance  of  the  muzzle  ol  )  Gun.  in  front  of  whec 

the  piece  in  battery  from 

the  front  ot'  the  wheels. 
Length  of  gun  carriage  without  wheels 

Length  oi'  limber  without  wheels 

Length  of  limber  without  wheels  or  pole 

Length  of  limber  with  wheel-  ami  pole 

Distance  between  the  centres  of  the  axletrees  of  gun 
carriage  and  limber 

Length  of  the  carriage  limbered  up 

J  list  a  nee  from  the  muzzle  of  the  piece.  |  Glltl • 

when  limbered,  lo  the  front  ot'  pole.     (  Howitzer 

Whole  length  ol   the  axletree 

Trade  of  the  wheels 

Height  of  wheel 

Dish  of  finished  wheel 


a  is 

o  c 

OS 


f  Gun  carriage,  without  wheels  

I  Limber,  without  wheels  or  ammunition  chesl 

|  Ammunition   chest,  without  divisions 

,,r  ,'  n  ,       ,    f  Gun  carriage 

Weights,   i  One  wheel.  \  T  .     , 

'l  |  Limber 

|  (run  carriage  complete,  without  implements.. 

|  Limber  complete,  without  implements 

[Gun  carnage  and  limber,  without   implements 


In. 

9.6 

3.7 

1. 

0.5 
1 1.6; 
43.1 

13 

S° 


74.4 


Ufi.r, 
5.91 


1 .09 
104.  I 
161.2 
52.65 

173.0b 


96. 
269.08 
279.1 

272.1 
7s.  M 
60. 
57. 
1.5 

Lbs. 

540 
335 

l  65 
180 
180 
900 
StiO 
1760 


5fi 


in.     in. 

11.65  12.15 
4.25      4. 05 

0.95      0.95 


1. 

16.2 
44.8 


13° 

*8° 

79.8 

1 22 .  75 

"s.V 


0.8 
16.6 
45.2 

13° 

J.JO 

7° 


79. S 

1 22 . 75 
15.70 
12.7 


II  I  .  I 
161.2 

173.08 

101.7 
274.78 

283.78 

78.84 
60. 
57. 
1.5 

Lbs. 
736 
335 
165 
1 96 
180 

112b 
860 

19S8 


l  13.5 
161.2 
52.85 

173. 0& 


101. 


274.78 

294. 

2P1. 

7b.  84 
60. 
57. 
1.5 

Lbs. 
783 
335 
165 
196 
180 

1175 
860 

2035 
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Principal  dimensions  and  weights  of  Siege  Gun   Carriages  and 

Li  in  ln)\ 


DIMENSIONS. 


Distance  between  the  inside  of  the  trunnion  plates 

Diameter  of  ihe  trunnion  holes 

Depth  of  centre  of  trunnion  hole  below  the  upper  lace  of 

trunnion    plate   

Distance   of  axis   of  trunnions   in    rear  of  axis  of  axletree, 

the  piece  being  in  battery  on  horizontal  ground  

Distance  from  axis  of  trunnions  to  axis  of  axletree   

Height  of  axis  of  trunnions  above  the  ground 

Vo.ii,..^    e    i  i       above  the  horizontal   line.-   ,*, 

Vertical    field    J  I  Howitzer.... 

of  fire,         j  .    .       .,     ,      •       .ii.        (  Gun     

below, the  honzonta    hue.  ,  , , 
[  |  Howitzer.  . .  . 

Distance  between  the  points  of  contact  of  the  wheels  and 
trail  with  the  ground  line   

Distance  from  the  front  of  the  wheels  to  the  end  of  the  trail, 
the  piece  being  in  battery 

Distance  of  the  muzzle  of' 


In. 

14.9!) 
1.65 

1.1 

3. 
22.45 
52.2 

13° 


100. 


the  piece  in  battery  from 


Gun,  in   front  of  the  wheel*. 


,  i.„  ?___,   -.,-  ,i  ,-      i  Howitzer,  in  rear  ol  wheel: 

Hie  trout  of   the  wheels.    J 

Length  of  gun  carriage,  without  wheels 

Length   of  limber,  without  wheels 

Length  of  limber,  without  wheels  or  pole 

Length  of  limber,  with  wheels  and    pole 

Distance  between  the  centres  of  the  axletrees  of  gun 
carriage  and  limber 

Length  of  the  carriage,  limbered    up 

Distance  from  the  muzzle  of  the  gun,  in  its  travelling  posi- 
tion, to  front  end  of  pole 

Whole  length  of  the  axletree 

Track  of  the  wheels 

Height  of  wheel 

Dish  of  finished  wheel 


Weights. 


fGun  carriage,  without  wheels 

|   Limber,  without   wheels 

]  <  me  wheel 

I  Gun  carriage,  complete,  without  implements 

|   Limber,  complete 

[Gun  carriage  and  limber,  without  implements 


141. 

3d.  -M 


130. 
176.65 
59.8 
LS4.9 


278.9 


285.15 
bl.S 
60. 
60. 


Lbs. 

1  110 
585 
mi 
2248 
1393 
3641 


In. 

16.95 

ro.3!) 

1.2 

2.5 

■^ .  85 
52. 

I-.' 


-1° 


101. 

142. 

35.35 


133. 
170.65 
59.8 
184.9 

96. 

2b0.9 

viH  .  12 
81 .8 
60. 

'id. 


Lbs. 
1542 

5s.') 

mi 

2350 
L393 
3743 


C  ° 


In. 

18.15 

5.85 

1.4 

2.75 

J.3.25 
53. 
12° 
15° 
•1° 
10° 

101. 

L42. 

35.31 
7.(36 

133.  ti 
176.65 
59.8 

1&1.9 

96. 
280.9 

290,' 

61.8 
60. 

i  ii). 
2. 


Lbs. 

1714 
585 
101 
2522 
1393 
3015 


DIMENSIONS    AND    WEIGHTS. 
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Field  and  Siege  Wagons. 


DIMENSIONS    AND    -WEIGHTS. 

Caisson. 

in. 

125.5 

92. 
271.7 
58.75 

Lbs. 

335 
180 

1 .982 

Forge. 

In. 
130. 

97.8 

279. 
70  .5 

Lbs. 
997 

335 
ISO 

Battery 
Wagon- 
In. 

154. 

112.93 

303.13 

73.55 

Lbs. 
910 

335 
ISO 

2.130 

Mortar 
Wagon. 

In. 

143..; 

Distance  between  the  axletrees  of  carriage 

IH2.95 

Whole 

257.85 

Height, 

60. 

f  Carriage   body,  without  vi 
|  Limber,  without  wheels  or 

heels 
chest 

Lbs. 
984 
585 

lot 

\\  eight 

j  Carriage  and   limber,  com 
without   implements  or 

l»lele, 
spare 

3  185 

INTERIOR     DIMENSIONS. 

Lengl  h. 

Width. 

Depth. 

Weight. 

Ammunition,    or    limber     chest, 

without 

In. 

40. 

40. 

31. 

98.8 

63.85 

In. 

18. 

32. 
13. 
36. 

40. 

In. 

14.75 

7.5 
17. 
22. 

Lbs. 
1G5 

1  ravelling    I' orge     ■{  0      ,  , 

100 

MORTAR    BEDS. 

Siege. 

Coehorn. 

S-inch. 

In. 
42. 

34. 

920 

10-inch. 

In. 
51.8 

40. 

1.S30 

Eprouv 

Id. 

31. 

15. 
132 

In. 
22 

Exterior 

width,     including 

manoeuvring 

22 

Weight.. 

280 

Weight  of  platform   lor  siege  mortars,  made  of  yellow  pine,  S37  lbs. 
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CHAP.    III.  —  ARTILLERY    CARRIAGES. 


Sling  Carts. 


Length  from  rear  ol  wheels  to  front  end  of  pole 

Length  of  axletree 

Mi  ighl  ol  wheels 

Distance  between  the  wheels,  on  the  ground. . 

C  One  wheel 

,,,  .  , .    )  Whole  weight,  without  slinsr  chains. 

\\  eii.Mil  .  -    ...  .     .  .    . 

1   trunnion  chain  and  rings 

(.  Sling  chain 


Large. 


Hand. 


III. 

In. 

160.75 

'.<•_>. 

75.50 

96. 

72. 

58. 7S 

60.4 

Lba. 

Lbs. 

TIM 

Ill:') 

84 

Gins. 


Length  of  legs 


Weight  of  pry  pole 

Weight  of  gin,  without  blocks 


Weight  of  pulley  block 


Double 

(  Tri|>le. . 


Field 

and 

siege. 

In. 
L75.5 

Lbs. 
55 
155 

37 


Garri- 
son. 


In. 

Lbs. 
324 
S23 


65 

84 


Case- 
mate. 


In. 
L72.5 

U.S. 

17.r> 
642 


65 

-I 


i ;'( i i/r s .  x  i ' ts  and  \v  a  s  1 1  !•:  i ;  s. 


In  the  following  Table  the  letters  indicate  the  form  of  the  lien.!  of  the  bolt,  as 
illows  : 

A.  Bolt  wiili  round  [cylindrical)  head,  chamfered;  square  under  the  head. 

15.  Hound  bend,  not  chamfered;  to  be  let  into  wood;  square  under  the  head. 

C.  Countersunk  head  ;  boll  square  under  the  head. 

D.  Convex  or  rose  head  ;  square  under  the  head. 

E.  Square  head,  chamfered;  round  under  the  head;  nul  let  into  wood. 
Y .  Round  head,  chamfered  ;  applied  to  wood:  round  under  i he  head. 

G.     Hound  head,  not  chamfered;  to  be  let  into  wood;  round  under  the  head. 
II.      Countersunk  head;   bolt  round  under  the  head. 


TABLE    OF    BOLTS,    NITS    AND    WASHERS. 
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CHAP.    III. — ART1I.I.KRY    CARR)  A<;  Ks. 


Uteris, 


Nos 


Diameter  of  body 


Diameter  of  head..  \  C.  D.. 
II. 

f      B- 
Thickness  of  head.  \  C.  D. 

1      H. 


Burks.  , 


i  Diameter  . 
Thickness 


Exterior  diameter  of  countersink 
Depth  of  countersink 


In. 
0.2 


.75 


.  T2.0 

.75 
.  1 25 
.3 
.1 


In. 

In. 

0.25 

0.375 

•  SO 

1.1  -'5 

.5 

.7 

.2 

.25 

,2 

.■J.'> 

.75 

1.125 

,2 

.25 

.45 

.6 

.15 

.17 

In. 
0.5 


1.5 

•  £>75 


.37.') 
.3 


1.5 

.375 

.7 

.25 


B.  Head  not  chamfered:  to  let  into  wood.     D.   Rose  head;  resting  on  iron. 

C.  Countersunk  head  ;  to  let  into  iron.  II.  Rose  head;   resting  on  wood. 


Wrought  Nails. 


Nos 

1 

2 

3 

4 

Body;  diameter  or  thic 

u       i     r<    n    1  Diamete 
Heads  C.  D.    [  ,,,,  .   , 

J  rbick  n e 

kness. . 

In. 
.25 

.5 

.2 

In. 

.3 

.6 
.25 

In. 

.375 

.7 
.25 

In. 
.5 

.875 
.3 

C.  Square  nail,  with 
cou  ntersunk  head. 

Cut  Nails. 

2d. 

2d. 

id. 

6rf. 

Sd. 

10,7. 

1-2,1. 

20rf. 

Length. . . .  [nchee  .... 

i. 

550 

1.25 
450 

1.5         2 
310        150 

2.5 
100 

3 

GO 

3.5 
40 

4 
25 

Spike*  are  large  nails, wrought  or  cue:  the  size  is  designated  by  the  length  in 
inches. 

Bellows  nails  and  clout  nails  are  short  wrought  nails,  with  large  heads,  slightly 
convex;  they  are  used  chiefly  for  nailing  leather,  canvass,  etc..  on  wood. 

Rellows  nails  1.13  inch  long.  0.1  inch  thick,  with  heads  .75  inch  to  1  inch  in 
diameter,  should  weigh  about  120  tu  1  lb. 

'lacks  are  classed  by  the  length  in  inches,  or  by  the  weight  of  1,000,  in  ounces, 

Sprigs,  brads,  finishing  nails,  are  classed  by  the  length  in  inches. 


WOOD    SCREWS. 
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Wood  Screws. 

Wood  screws  are  classed  by  the  length  in  indies,  and  by  the  No.  which  indi- 
cates the  size  of  the  wire,  or  body  of  the  screw. 

The  followina  table  of  dimensions,  derived  from  measurements  of  the  screws 
made  by  the  New  England  Screw  Company,  at  Providence.  Rhode  Island,  will 
be  found  convenient  lor  reference. 


Head. 

Diameter 

of  bodv. 

No.  of 
threads 

R  K.MARKS. 

No. 

1  >iam- 

Thick- 

eter. 

ness. 

In. 

tO    1    ill. 

In. 

In. 

3 

0.10 

0.20 

0.06 

21 

The  length  of  thread  cut 

is  two- 

4 

.11 

■  )■) 

.  065 

24 

thirds  the  lenylli  ol  the 

screw. 

5 

.13 

.26 

.07.'. 

20 

6 

.15 

.30 

.08 

20 

7 

,l»i 

.32 

.085 

IN 

S 

.17 

.34 

.09 

11 

9 

.lit 

.38 

.095 

13J 

10 

.20 

.40 

.10 

13 

11 

.21 

•12 

.11 

12 

12 

.22 

.44 

.12 

11 

13 

.23 

.46 

.13 

11 

14 

.24 

.  IS 

.14 

10 

15 

.25 

.50 

.15 

10 

Hi 

.-y, 

.52 

.1(1 

91 

17 

.27 

.f)4 

.17 

«.) 

18 

.28 

.56 

.18 

8J 

20 

.30 

.60 

.20 

8 

21 

.32 

.64 

.21 

8 

22 

.35 

.70 

.  22 

U 

24 

.33 

.76 

.21 

7 

26 

.40 

.SO 

.26 

7 

Rings. 


Designation. 

Thickness 
of 

wire. 

Exterior 

diameter  of 

ring. 

Remarks. 

No.i    {£; 

No.  2    {£ 

In. 

0.2 
.2 

.25 

.25 

In. 

1.4 
1. 

1.5 
1.24 

Welded.    I  ,r.                  ,. 
0   ,  .   .     .       These   are  the    rings    most 
Coldshllt.                               ,                 i      •       £    i  i 
|^      commonly    used     in    held 

,,.,,,     '      and  siege  carriages,  with 
We  ded.           .,        ,    ?      AT        ,    0  .    0 
,,   ,  .   ,               the  chains  Nos.  1,  2  &  3. 
Coldshut.  J 

(ii; 


CHAP.     III. ARTILLERY    CARRIAGES. 

Chains. 


\n 

Thickness 

LINKS. 

Proof 

of  iron. 
In. 

Kind. 

Length. 

Width. 

weight. 

REMAP.KS. 

In. 

In. 

Lbs. 

1 

0.15 

l.l 

0.0 

400 

All  chains  are  welded. 

2 

,2 

'H 

1.25 

.75 

MID 

3 

.'-'5 

JhI 

1.0 

1.1 

1,200 

4 

.25 

1  ~  f 

2. 

1. 

1.500 

S 

.375 

!   ^  ! 

3. 

1.5 

2,500 

6 

.5 

-   i 

3. 

1.75 

5.000 

7 

.025 

3.4 

2.25 

6,500 

Eye  Pins. 

There  are  three  sizes  of  eye  pins  used  in  held  and  siege  carriages,  as  fol'ows  : 


Noi 

Diameter  of  stem 
Diameter  of  eye. 


In. 

In. 

0.3 

0.375 

.25 

.3 

.375 


Sheet  Met, ils  and   Wire. 

Sheet  metals  and  metallic  wires  are  designated  by  Nos.  corresponding  with 
the  thickness,  as  indicated  !>y  the  ordinary  iron  wire  gauge.  These  gauges  do 
not  exactly  agree  with  each  other,  but  the  following  table  shows  very  nearly  the 
thickness  corresponding  with  the  several  Nos. 


No.     Thickness. 


No. 


Thi 


No.    Thickness 


No.      Thickness. 


In. 

In. 

In. 

In. 

1 

0.313 

9 

0.101 

17 

0.057 

25 

•  .0.023 

2 

.292 

10 

.113 

lb 

.052 

20 

.02 

3 

.271 

11 

.125 

1!) 

.017 

•J  7 

.018 

4 

.25 

12 

.113 

20 

.1112 

28 

.010 

5 

.233 

13 

.1 

21 

.037 

29 

.011 

6 

.210 

14 

.086 

22 

.031 

30 

.012 

7 

t2 

15 

.075 

23 

.028 

8 

.18 

16 

.003 

21 

.025 

BILLS    OF    TIMBER. 
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Bills  of  timber  for  Field  Carriages. 


NAMES    OK   PARTS. 


ii 

X 

c 
6 

ROUGH  DIMENSIONS 
OF  EACH  PIECE. 

CONTENTS. 

Long;.  Wide. 

Thick. 

Each 
piece. 

Total. 

Kind  of 
wood. 


GUN   CARRIAGES. 


For  6-pr.  gun     (Stock 

a>/d  )  Checks 

12-pr.  howitzer.  {  Axle  body  . 


Fur  \2-pr.  git/i,   (  Stock 

24-/?r.  mid        J  Checks  .  .  . 
32-pr.  howitzers,  (Axle  body. 

WHEELS,   NOS.   1   i-V  2. 


Nave  . . 

Spokes 

Fellies. 


Axle  body 

Hounds 

Fork 

.Splinter  bar 

Brackets 

Front  foot  board 

Rear  foot  board 

Pole....  j^e  end. 

(  bmall  end. 

Pole  prop 


AMMUNITION  CHEST. 


Ends 

Sides 

Principal  partition. . 

.Cover  Irame.  \  "J   e!* 
j  Ends 

Bottom 

Panel  for  cover , 

Cover  lining , 


In. 

100 
40 
50 


108 
50 

50 


10 
32 
27 


50 
58 

•in 
72 
9 
46 
40 

132 

30 


22 
44 


09 

44 

12 
42 


In. 

9.25 
13.5 

7. 


14. 

3.5 

7. 


4.5 

3.25 


17. 
17. 
17. 

3.75 

20. 

17.5 

20. 


In. 

4.5 
3.5 
0. 


5.75 
4. 


Hound 

2. 

3.5 


6. 

3.25 

4. 

3.5 

1.0 

1.13 

1.13 

4.5    | 

3.25  J 

2.25 


1.31 
1.31 
1.31 

2. 

1.31 

2. 

0.5 


Sup.  A 

28.90 
13.12 
1 1 .  58 


47.44 
22.22 

17.01 


17.09 
1.55 
4.59 


Sup. II. 

57.80 
26.24 
14.58 


98.62 


94.  SS 
44.44 
17.01 


15G.33 

17.09 
21.70 
32.13 


70.92 


12.75    18.75 
11.30 
10.27 
7.43 


D.66 

10.27 
7.43 


3.14 
1.66 

14.11 

1.05 


3.40 
6. SO 
3.40 

3.59 

8.00 

10.21 

2.91 


3.14 
1.86 

14.11 

1.05 


07.97 


0.80 
13.60 

3.40 

7. IS 

8.00 
10.21 

2.91 

52.10 


Oak. 
Do. 
Do. 


Do. 
Do. 

Do. 


Do. 
Do. 
Do. 


Do. 

Do. 

Do. 

Do. 
Cuttings. 
Oak. 

Ho. 

Oak  or  ash. 
Hickory. 


Walnut. 
Do. 
Do. 

Do. 

Oak. 


|  Pople 


(* 


CHAP.     III. — ARTILLERY    CARRIAGES. 

Bills  of  timber  for  Fit  hi  Carriages. 


NAMES  Of   IMRTS. 


HUIT.H  DIMENSIONS 
OF    EACH    PIECK. 


CONTENTS. 


Loiu 


Wide.lThick. 


Each 
piece. 


Total. 


Kin  J  of 

wood. 


CAISSON. 

Middle  rail 

Side  rail> 

Stock 

Axle  body 

Cross  bar 

Foot  board  bolster 

Front  foot  boa  rd 

Rear  foot  board 

forge — Bvihj. 

Side  rails *.. . . 

Middle  rail 

Stock 

Axle  body 

Front  cross  bar 

Rear  middle  cross  bar  .. 
Front  middle  cross  bar.. 

Rear  cross  bar 

Floor  boards 

Roof  bows 

Corner  studs 

Side  studs 

Plates  

Front  end  stud 

Front  of  iron  room 

Rear  of  iron  room 

Lining-  of  iron  room 

Cleats  for  grooves 

Braces 

Front  end  of  rool 

Rear  end  of  roof 

•  lap  lor  coal  box 

Boards  for  sides 

Boards   for  roof 

Boards  for  sliding  cover 

Prop  for  stock 

Bellows  pole 


In. 

In. 

In. 

Sup.ft. 

Sup.ft. 

1 

76 

5.75 

4  .  75 

14.41 

14.41 

:.' 

78 

5. 

3.25 

8.79 

17. -rib 

84 

6. 

4  .  75 

16.62 

16.62 

50 

6. 

6. 

12.50 

12.5(1 

40 

4. 

3. 

3.33 

3.33 

14 

4. 

1.25 

.4b 

.45 

4-2 

7.5 

2.13 

4.65 

1.65 

2 

42 
90 

5. 
4.75 

1.25 

3.75 

1.82 
11.87 

1  .82 

71.39 

23.74 

50 

4.75 

4.25 

7.01 

7.(11 

<J0 

6. 

4.75 

.7.81 

17. M 

50 

7.25 

6. 

15.10 

15.10 

40 

3.5 

3.5 

3.40 

::.  hi 

40 

3.5 

8.5 

3.40 

3.  Ill 

40 

10. 

3.5 

9.72 

9.72 

40 

3. 

3. 

2.50 

2.5(1 

1 

48 

8. 

1.25 

3.33 

13.32 

2 

42 

ft. 

1.25 

3.2b 

6.56 

4 

36 

3.5 

2 . 5 

2.19 

8.75 

'i 

36 

3. 

2.5 

1.88 

3.75 

2 

46 

3. 

2.5 

2.30 

4.7b 

1 

22 

6. 

1.25 

1.14 

1  .11 

1 

40 

9.5 

1 .25 

3.30 

3.30 

1 

36 

3. 

1 .25 

0.01 

.01 

o 

44 

8.5 

1. 

2.5.0 

r>.lb 

2 

44 

2. 

1. 

0.61 

1  .22 

2 

48 

4. 

2. 

2.67 

5.34 

1 

42 

10. 

1 .  75 

5.10 

5.10 

1 

42 

12. 

1.75 

6. 13 

6.13 

1 

36 

2.5 

1.25 

0.7b 

.7b 

in 

42 

7. 

0.75 

1.5:; 

15.30 

7 

46 

7. 

' .  75 

1 .68 

11.75 

G 

36 

8. 

.75 

1.50 

9. 

1 

30 

2.25 

2.25 

1  .  05 

1.05 

1 

57 

2. 

2. 

1.58 

1.5b 

L87.65 

Oak. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


Oak. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Walnut. 

Do. 

Do. 
Wh.  pine. 

Do. 

Do. 
Hickory. 

Do. 
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NAMES   OF   TARTS. 


6 

ROUGH  DIMENSIONS 
OF  EACH  PIECE. 

CONTENTS. 

Long-.    A\" i<le. 

Thick. 

Each 
piece. 

Total. 

Kind  of 
wood. 


forge — Bellows. 
Upper  and  lower  planks  . 

Middle  plank 

Cross  heads  

f  Sides 

Ribs.    \  Ends...     

(Cross  bars 

Cleats 

Valves 

Battens  Cur  valves 

Coal  box. 

Sides  and  top  piece 

Ends 

Lid   

Clamps  for  lid 

Bottom 

BATTERY    WAGON HoillJ 

Lower  side  rails 

Upper  side  rails 

Stock  

Axle  body 

Front  cross  bar 

Front  middle  cross  bars  . 
Rear  middle  cross  bar  . . . 

Rear  cross  bar 

Floor  boards 

Sides  of  body 

Side  of  till..' 

Bottom  of  till 

Cleats  for  till 

Ends  of  body 

Forage  rack  sides 

Forage  rack  bars 

Cover. 

Side  rails 

Ridge  pole 

•End  rails 

End  studs 

End  boards  

Roof  boards 


In. 

In. 

In. 

34 

15. 

o. 

44 

15. 

•2, 

32 

3.5 

3. 

3G 

3. 

1. 

32 

3. 

1. 

32 

2.25 

1. 

7 

2 .  75 

.75 

9 

9. 

.75 

9 

4.5 

.75 

36 

24. 

1.3S 

L6 

24. 

1.38 

36 

14. 

1.25 

14 

2.5 

1.25 

36 

15. 

1.31 

116 

6.5 

4. 

108 

3. 

3. 

LOS 

6. 

6. 

50 

6.25 

6.25 

40 

5.5 

5. 

40 

4.25 

4. 

38 

4. 

2.5 

40 

4. 

3.5 

1 06 

11.5 

1.25 

10S 

21.5 

1.38 

104 

11.5 

1.25 

mi 

to. 

1.25 

10 

1.25 

1. 

40 

21  . 

1.3b 

36 

5.5 

•j. 

46 

3.25 

1. 

10S 

3. 

3. 

10S 

3. 

3. 

42 

3. 

3. 

18 

2.5 

1.5 

42 

13.5 

1.25 

108 

7. 

0.75 

Sup.  ft. 
7.0^ 
9.17 
2.33 
0 .  75 
0.67 
0.50 


0.12 
0.21 


8.28 
3.6*3 

4.37 

.30 

4.91 


20.94 
6.75 

27.00 

13.56 

7.64 

4.72 

2.64 

3.S8 

10.58 

22.25 

10.39 

9.02 


9.20 
2 .  75 
1.03 


6.75 
6.75 
2.63 
0.47 
4.91 
3.94 


Sup.ft. 

18.34 
1.66 

3.00 
1.34 

1.00 


.42 


57.92 


11  .88 
13.50 

27.00 

13.56 

7.64 

'.Ml 
2.64 
3.8S 

31.71 

4  4..r>0 

10.38 

9.02 


18.40 

5.50 
1.03 

240.11 


13.5 

6.75 

5.25 

.94 

9. 82 

35.44 

71.70 


Poplar. 

Do. 

Do. 

Do. 

Do. 

Do. 
Cuttings. 
Walnut. 

Do. 


Walnut. 

Do. 

Do. 

Do. 
Oak. 


Oak. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
Wh.  pine. 
Do. 
Do. 
Do. 
Cuttings. 
Walnut. 
Oak. 

Do. 


Oak. 
Do. 

Do. 

Do. 
Walnut. 
Wh.  pine. 


TO 


CHAP.    III. ARTII.I.KRY    CARRIAGES. 


Bills  of  timber  f 

s 

riages. 

■i. 

Z- 

<—. 
c 

0 

ROUGH  DIMENSIONS 
OF    EACH    PIECE. 

cn\  1 1:\  is. 

Kind  of 

Long. 

Wide. 

Thick. 

E.ach     Total. 
piece. 

wood. 

GUN  CARRIAGES 
f  Slock 

..,  |  Cheeks  .  . . 

i.-pdr.  jAx|ebody 
[  Bolster  • . . 

f  Stock 

,c  !  (J hecks  . .  . 

1S-PDR.      J     .      .      ,       , 

Axle  hotly 
[  Holster  .  .  . 

f  Stock 

o.  !  Cheeks  ... 

24-pdr.     -    .    i    ,     , 
Axle  body 

(  Bolster  . .  . 

ONE  WHEEL. 

Nave 

Spokes 

Fellies 

LIMBER. 

Fork 

Hounds 

Splinter  bar 

t,   i         f  Large  end  . . 
Pole.     {  0      B,.        . 

(  small  end  . . 

Leading  liar 

MORTAR  WAGON. 

Middle  rails 

Front  transom    

M  iddie  transom 

Rear  transom 

Side  rails 

Rear  cross  bar 

Middle  cross.hars. . . . 

Front  cross  bars 

Bottom  planks 

Axle  body 

Windlass 

Muzzle  bolster 

Stakes 

Handspikes 


In. 

130. 

55. 

48. 

14. 

132. 
60. 
48. 
11. 


132. 
60. 

48. 
10. 

19. 
32. 
28. 


GO. 
50. 

70. 

112. 
70. 


142. 
28. 
1. 
4. 
92. 
12. 
10. 
14. 
78. 
48. 
36. 
12. 
20. 


In. 
li.5 
19.5 

9.5 

6.5 

11.5 

20 . 
9.5 
G.5 


11.5 

20.5 
9.5 
6.5 

16. 

4.25 
8. 


11. 
5. 
4. 

[J:5 

■i . 


8. 

7. 

I. 

6.7 

7.5 

4.5 

4.5 

1.5 

8. 

9.5 

6.5 

6.5 

3.5 

1. 


In. 
7. 
5.5 
8.5 
6.5 

8. 

5.75 
6.5 
6.5 


S.75 
6.25 
8.5 
6.5 

Hound 
2.5 

4.5 


7.2.') 
3 .  75 
3.75 

5.5  I 

I.  I 
3.75 


3. 
3. 

2.5 

2, 

8.5 


25 


Sup.ft 

72.(17 
10.96 
26.92 

4.11 

84.33 
47.92 
26.92 

4.11 


92.21 
53.39 

4.7(1 

26.53 
2.36 

7. 


33.23 
6.51 

7. '.-'.i 

22.25 

7.29 


15.36 

5.  (i 


23.96 
3.94 

1.5 
1.09 
8.67 
26.92 
10.56 
3.52 
i .  :>s 
6.22 


Siip.ft. 

l  15.34 
61.92 
26.92 

4.11 

F68.66 
y5.84 

4.11 
295.53 


184.48 
106.78 
26.92 

1.7(1 


322.88 


33.04 
49.(10 


108.57 

33.23 
L3.02 

7.29 

22.25 
7.29 


83.08 

90.72 
5.10 


L  Oak. 


Cutting's. 

I 


I- Oak. 


47.92 
3.94 

9.0'J 

2.18 
17.34 
26.92 
10.56 

3.52 

9.48    | 
12.44   Hickory 
239.12 
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Bills  of  timber  for  Barbette  Carriages. 


/ 

i 

V 

EL 

T 
c 

ROUGH     DIMENSIONS 
OF    BACH    PIECE. 

CONTENTS. 

NAMES    OF    PARTS. 

Long. 

Wide. 

Thick. 

Bach 

piece. 

Total. 

wood. 

&TJN  CARRIAGE. 

2 
2 

20 

2 

■j 

o 
2 

20 

2 

2 

III. 

52. 
83. 
23. 

23 . 
23. 
S2. 
28. 
35. 
22 . 

148. 

[•• 

48. 

IS. 

12. 

192. 
30. 

52 . 
83. 

21. 
24. 

24 . 
84. 

28. 
3G. 
22. 

148. 

|«. 

51. 
51. 

42. 

192. 

3G. 

In. 

17. 
1 2 . 5 
12. 

it. 
L3. 
11. 

8. 

9. 

4  .2-r, 

12.5 

7. 

9. 
9. 
9. 
10.5 

8, 

17.75 

13. 

12. 

9. 
14. 
11  . 

!). 

9. 

1.25 

13.5 
8. 

9. 

9. 
9. 
11.5 

9. 

In. 
5.5 
5.5 
9. 
8. 

10.25 
8. 
6. 
8.5 
1.25 

7.5 
5.25 

9. 

7. 

8. 

8.5 

4. 

5 . 7.r< 
5 .  75 
0. 
9. 
11. 
9. 
6. 
6 . 5 
4.25 

8.5 

5.25 

9. 

S. 

8. 

9.5 

4. 

1 

Sup.  ft. 

33.70 

39.62 

17.25 

11.5 

21.26 

.'.('.11 

9.33 
is.. V.I 

2.7d 

96.35 

7.14 

27. 
21. 
21. 
119. 
8. 

3G.85 
13.09 
18. 
13.5 
25.66 
57.75 
10.5 
19.12 
2.76 

117.93 

8.16 

28.  GS 
■2'< .  5 
21. 

145. 6G 
9. 

Sup.n. 

67.52 
79.24 

17.25 
1 1 .  :> 
21.2b 

50.11 

9.33 
18.59 
55.20 

330.02 

1 

if) 
H 
W 
P 

£ 

c  - 

6. 

Transom  and  axle  tie  ... 

Spokes  tor  two  wheels.. 

CHASSIS. 

Kails 

rOak. 

CO 

15*2.70 

14.28 

27. 
21. 
21. 

11!). 

8. 
10279S 

73.7(1 
S6.16 

is. 

13.5 

25.66 

57.75 
1  (  .5 
lit.  11 
55.20 

359761 

235.86 

-  16.32 

28.  GS 
25.5 
21. 
145.66 

9. 

4S2T02 

B 

< 

CJ 

1 

GtiN  CARRIAGE. 

1 

Transom  and  axle  tie. . . . 

a 

B 

£ 

■ 

— 

Spokes  lor  two  wheels.. 

CHASSIS. 

Rails 

\  Oak. 

! 

J 

7-J 


CllAlV     III. AKTII.I.F.IiY     CARRIAGE8. 


Hills  of  timber  for  Barbette  Carriages. 


NAMEs   OF    PARTS. 


/ 
- 

- 
- 

d 

BOUOB     DIMENSIONS 
OF    EACH    PIECE. 

CONTENTS. 

Loilff. 

Wide. 

Thick. 

Each 

piece. 

Total. 

Kind  of 
wood. 


GIN   CARRIAGE. 

I  pi  ighls 

Braces  

Front   transom 

Middle  transom 

I  Rear  transoi 

Transom  and  axle  lie. . 

ElevatSnebed    (  3'i?drL' 
{    8-inch. 

Axle    body 

Spokes  lor  two  whet 

Total.. 


CHASSIS. 

Rails 

Hurters 

Counter  burters 
Front  transom . . 
Middle  transom'. 
Rear  transom. . . 

Tongue  

[Prop 


GUN  CARRIAGE. 

Uprights 

Braces  

Front   transom 

Middle  transom  > 

Rear  transom 

Transom  and  axle  tie... 

Elevating  bed 

Axle   body 

Spokes,  for  two  wheels. 

CHASSIS. 
Kails 

1 1  urters 

( 'otinter  hurters 

Front  transon 

M  iildle  transom 

Hear  transom 

Tongue  

Prop 


32-pdr. 
6-1  nch . 


In. 

In. 

In. 

Sup.fi, 

Sup. ft 

2      .r)4 . 

IV  25 

16.10 

92.38 

2      84. 

1  1 . 5 

6.75    57.09 

114.16 

1      27. 

12. 

9.         20.25 

1      27. 

11. 

9.         Ifi.56 

1;     27. 

11. 

12.        31.5 

31.50 

1      84. 

11. 

10.        64.16 

64.16 

1      28 . 

in. 

6. 

11.66 

1  l  .66 

1      28. 

10. 

8. 

15.55 

15.55 

1      42. 

9. 

8.5 

22.31 

22.31 

2 

)      22 . 

4.25 

1.25 

2.7b 

55.20 

430.20 

134.09 

2    148. 

1  1.5 

9.5     Ml.  57 

2S3.14 

!!•»• 

9. 

5.25 

9.19 

18.38    , 

1     57. 

11. 

9. 

39.19 

39.19 

1       57 . 

11. 

10. 

13.54 

43.54 

1        1^. 

9. 

9. 

27. 

27. 

1     19-2. 

12.5 

10.5 

167.70 

167.70 

1      3o  • 

in. 

4. 

10. 

10. 

188.95   i 

2      55. 

19. 

7.25    52.6] 

105.22   "I 
131.40 

2      87. 

15. 

7.25     65.70 

1      23. 

13. 

9. 

22.75 

22.  75 

1      28. 

11.5 

9. 

20.12 

20.12 

1      28. 

15. 

12. 

35. 

35.01) 

1      85. 

11. 

11. 

71.42 

71  .42 

1       29. 

11 . 

6. 

13.29 

13.29 

1      45. 
0      22. 

9. 
4.25 

8.5 
4.25 

23.90 
2.76 

23.90 
55.20 

•_ 

2    148. 

15.5 

10.5 

167.27 

478.30 

334.54 

1       GO. 
1      GO. 

10. 

5.25 

10.20 

20.40 

11. 
11. 

9. 
11. 

41.25 
50.  II 

11  .25 
50.  11 

1      48. 

9. 

9. 

27. 

27. 

1     102. 

L3.5 

11.5 

207. 

207. 

1      36. 

11. 

1. 

11. 

11  . 

Ii9 1.  GO 

'•  Oak. 


.Oak 
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Bills  of  timber  for  Casemate  Carriages. 


NAMES    l>F    PARTS. 


•ii 

1 

Ror-GII     DIMENSIONS 

V 

OF    BACH    PIECE. 

0 

Long. 

Wide. 

• 

Thick. 

2 

CON  TENTS. 


Each 

piece. 


Total 


Kind  of 
wood. 


GUN  CAR1UAGE. 

f Cheeks 

Front  transom 

Rear  transom 

Slide 

A  xletree 

Guides 


Rails 

Counter  hurter 
Front  transom 
Rear  transom . 

Tongue  

Prop 


GUN  CARRIAGE. 

Cheeks 

Front   transom 

Rear  transom 

Slide 

A  xletree 

Guides 


Rails 

Counter  hurlers 
Front  transom. 
Rear  transom. . 

Tongue  

I  Prop 


In. 

In. 

In. 

Sup.ft. 

Sup.ft. 

1 32. 

15.5 

5.75 

81.69 

L63.38 

24 

16.5 

ii. 

16.50 

16.50 

28. 

18.5 

6.5 

23.38 

23.38 

2ft. 

is  :. 

8.5 

30.57 

30.57 

9. 

7. 

2.r>.37 

25.37 

in. 

7. 

6. 

11.66 

23.32 

282.52 

162, 

12.5 

11.5 

L61.7I 

323.42 

17. 

6. 

5.2.1 

3.72 

7.11 

50. 

16.5 

1  l..r> 

83.07 

83.07 

68. 

l«.5 

14.5 

112.97 

1  12.97 

200. 

12.5 

1 1 .5 

199.65 

199.65 

27. 

12. 

12. 

27.00 

27.00 
753.55 

132. 

16. 

6.5 

05.33 

190.66 

26. 

16.5 

6.5 

19.36 

19.36 

30. 

18.5 

6.5 

25.05 

25.05 

30. 

18.5 

6.5 

32.76 

32.7i; 

58. 

9. 

7. 

25.37 

25.37 

40. 

7. 

6. 

11.66 

23  32 
316.52 

162. 

14. 

12. 

189.00 

37S.00 

17. 

6: 

5.25 

3.72 

7  II 

54. 

16.5 

14.5 

89.71 

89.71 

7-2. 

16  5 

14.5 

119.62 

L  19.62 

200. 

14. 

12.5 

243.05 

243.05 

27. 

12. 

12. 

27.00 

27.00 

664.82 

I- Oak. 


}  Oak. 
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AKT1I.I.KUY    CARRIAGES. 


Bills  of  timber  for  Casemate  Carriages. 


NAM]   S    UK     PA  l:  I  S. 


- 
'- 
'5. 

<— 

c 
d 

R01  '.II     DIUBHBIONS 
OP   BACH    en .1  i  . 

COS  I  >:\  r8. 

Long. 

Wide. 

Thick. 

Bach 
piece. 

Total. 

Kind  of 
wood. 


Ql  N  C  Vltiil  \'-  E. 


f Cheeks 

Front  transom 
Rear  transom . 

Slide 

Axlelree 

Guides 


\ 


|  Rails 

I  Counter  hurters 
|  From  transom. 
I  Rear  transom. . 

I  Tongue  

(.Prop 


CIS  CARRIAGK. 


f Cheeks 

Front  transom 
Rear  transom. 

Slide 

Axlelree 

Guides 


Rails 

Counter  burters. 

Front  transom  . . 
Rear  transom  . . . 

Tongue t . . 

I  Prop 


g  w    j  Gun  Carriage — Cheeks 

-  S  J 


.      [Rails 

11.1.     I    rp 

j   1  ransoms 


In. 

132 
28. 
32. 
32. 
62. 
40. 


162. 
17. 
56. 

71. 

200. 

27. 


132. 
30. 
30. 

30. 
62. 

40. 


162. 

17. 
58. 

70. 

200. 

27. 


50. 

101. 


III. 

In. 

S,,,,. It. 

Sup.lt. 

10.5 

7. 

105.61 

21 1.7-1 

16.5 

7. 

22  16 

22.46 

18.5 

7. 

28.77 

28.77 

18.5 

». 

32.89 

32.b9 

9. 

7. 

'J  7. 12 

7. 

0. 

11.66 

23.32 

14.5 

12.5 

203.90 

340.30 

107.80 

6. 

r,.-.'.- 

3.72 

7.44 

16.5 

l  1.5 

93.0-1 

93.04 

16  5 

1  1.5 

122.91 

122.91 

l  l  5 

1 2.5 

251.73 

251.73 

12. 

12. 

27.00 

27.00 

909.95 

1 6.5 

7. 

105.87 

211.71 

16.5 

7. 

24.06 

24.06 

18.5 

7. 

26.97 

21 1.9  7 

L8.5 

8. 

30.83 

30.83 

9. 

7. 

27.12 

27.12 

8. 

0. 

13.33 

26.66 

347.38 

1  1.5 

12.5 

203.90 

HIT. Ml 

6. 

5.25 

3.72 

7.11 

10.5 

14.5 

96.36 

96.36 

16.5 

l  1  5 

120.27 

126.27 

14.5 

12.5 

2."0.7:! 

2.71.7:! 

12. 

12. 

27.00 

■-'7.i  10 
'.'h..|-,ti 

15.5 

4.25 

22.87 

15.71 

11. 

S.5 

104.53 

209.06 

'Oak. 


Oak. 


J 
Cuttings. 
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Bills  of  timber  for  Gins  and  Sling  Cart. 


NAMES    OF    PARTS. 


VI 

4) 

Cj 

<— 

o 
c 

ROVGII    DIMENSIONS 
OF  BACH  PIECE. 

COSTEMS. 

Long.  Wide. 

Thick. 

Each 
piece. 

Total. 

Kind  of 

wood. 


FIELD    AND    SIEGE    GIN. 

Le^rs 

Pry  pole 

Windlass 

I  Upper 

Braces.  ■   Middle 

(  Lower 


GARRISON    GIN. 

Legs  and  J  Large  en<] 
pry  pole.  }  Small    end 

Two  bevel  blocks  ... 

Windlass 

Cleats 


CASEMATE    GIN. 

r  f  La  rare  end 

Legs.      ^       ,,        , 

i  Small  end 

■n  i        f  Large  en  J . 

Pry   pole.     \  a       ..        . 
•    '  [  Small  end  . 

Windlass 

Cleats 


SLING   CART. 

Axletree 

Bolster 

Hounds 

rp.„  f  Large  end 

longue.  {  c„ell         , 

°         |  Small   end 

I  Naves  - . . 

two        c     , 

<  bin  dees. . . 

WHEELS.    J    ,,'    ., 

^  Femes  .. . 


In. 

180 

180 

63 

IS 

72 
102 


264 

10 

Hil 
P2 


ISO 
ISO 

101 

12 


102 
66 

SO 

198 

21 
48 
30 


In. 

. 
5.5 
9. 

4 .  75 
4.75 
4.75 


9. 
6.5 

10. 

11. 

12-  5 


12.  r, 

9 

6.5 

6 

9. 

9 

6.5 

6 

11. 

I  I 

4.25 

3 

11. 

9. 
9. 
7.5 

5 . 
19. 

5.25 


In. 


5.5 

9. 
2 .  75 

2.75 


9. 
6. J 
9. 

II. 
3. 


;.5| 

9.    I 


;>. 


Round 
2.75 

5.5 


Sup.ft. 

14.69 
37.8J 

1.35 

9.25 


113.21 

25. 
87.39 
1.06 


100.33 

77.03 

84.88 
1.06 


70.13 
37.13 
25. 

48.13 

41.3-4 
4. SI 
13.4 


Sup.  ft. 

S9.3S 
37.81 

1.35 
6.53 
9.25 


185.57 


1  Spruce 
i  or  ash. 
i  lak. 

I    Oak 

i  plank. 


339.63  Spruce. 

25.00 

Oak. 
11.66  Oak  plank. 


463. 6S 


I  Spruce. 


200.66 

77.03 

84.88  Oak. 

6.36  Oak  plank. 


36S.93 


70.13  Oak. 
37.13  Do 
50.        Do. 


48.13 
82.68 

21  1.4 

656.39 


Do. 

Do. 
Do. 
Oak  plank. 
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CHAP.    III. AKT1I.I.KKY    CARRIAGES. 


Bills  of  iron  for  Field  Carriages. 


Kind  of 
carriage. 


Wi.ltli. 


Thick- 
ness. 


Length, 


Weight. 


b-PDR.  SON 
CARRIAGK. 


In. 

In. 

0.15 

Round 

0.2 

Round 

0.25 

Round 

0.375 

Round 

0.5 

Round 

0.625 

Round 

0.75 

Round 

0.675 

Round 

1. 

Ron  nd 

1.5 

Round 

2. 

Round 

0.25 

0.25 

0.3 

0.3 

0.7.') 

0.375 

1.0 

0.375 

1.0 

0.5 

1.0 

1.0 

1.25 

0.5 

1.25 

0.025 

1.25 

0 .  75 

1.375 

0.05 

1.375 

0.25 

1.5 

0.25 

1  .5 

0.375 

1.5 

0.5 

1.5 

0.025 

1.5 

0.75 

1 .5 

1.5 

1.75 

0.25 

2.0 

0.125 

2.0 

0.75 

2.0 

1. 

2.0 

1.25 

2.5 

0/188 

2.5 

0.875 

2.5 

2.5 

2.75 

3.25 

3.75 

3.75 


1.25 

1.5 

1  .  75 

0.5 

0.375 

0.15 

0.2 


Feet. 

2.81 
8.50 

1.1 
IS. 
7.2 
4.10 
10.86 
0.65 
2.58 
2.17 
1.  [6 
2.21 
7.^7 
1.33 
0.23 
1.5 
0.58 
2. 10 
0.84 
0.7 
3.0 
0.33 
,°.75 
.46 
1.10 
1.00 
3.3 
.51) 
.93 
.  33 
.03 
.5 
.38 
1.00 
.33 

1.5 
I  .66 


10.23 
0.39 


Lbs. 


.  II 


1* 
90 
18 
62 
70 
L8 
,96 
,30 
,73 
,78 
.28 
,46 
,30 
.25 
.29 
.52 
.94 
.53 
.'JO 

.20 

•  70 
.38 
.72 
.86 
.92 
.22 

47 
.46 

30 

27 
.OS 

36 
.19 
.60 
.42 


15.75 


20.91 


.35 
.20 
.23 
.95 

.11 


For  chains  No.  1. 

2.3  feel  for  chains  No.  2. 


Hammered. 
1  [ammered. 


Hammered. 


I  [ammered. 

I  [ammered. 

I I  ammered. 

I  lammered. 


Hammered. 
Hammered. 


f  Hammered  ;  or  2  drafts  for 

|      cap  squares. 

I  Hammered  ;  or  2  drafts  for 

|       trunnion  plates. 

I  [ammered. 


BILLS    OF    IRON". 

Bills  of  iron  for  Field  Carriages. 


i  i 


Kind  ol" 

Width. 

Thick- 

Length. 

Weight. 

REMARKS. 

carriage. 

ness. 

III. 

In. 

Feet. 

Lbs. 

6-PDR.    QUM 

.3.75 

0.25 

0.3S 

1.19 

CARRIAGE — 

5. 

0.25 

.83 

.'!.  18 

Continued. 

5 . 5 

0.2 

1.5 

5.53 
136.00 
28.00 

2  d rails  for  axletree. 
1  draft  for  lunette. 

1.0 

0.375 

0.21 

104.03 

.26 

Steel  for  lunette. 

17.00 

4  small  rondelles  |  cast 

13.00 

2  large  rondelles  J  iron. 

30.00 

8.00 

Brass  box  of  elevating  screw 

.  12 

Brass  for  turnbuckles. 

8.42 

24-POUNDKR 

0.15 

Round 

2.81 

0.18 

For  chain  No.  1 . 

HOWITZER 

0.2 

Round 

9.50 

2.3  feel  for  chain  So.  2. 

CARRIAGE. 

0.25 

Round 

l  .08 

.IS 

0.375 

Hound 

19.6 

7.21 

0.5 

Round 

7 . 5  1 

1.93 

0.625 

Round 

4.50 

4.59 

0.7:. 

Ron  nil 

1 .  12 

2.08 

0.875 

Round 

0.65 

1.30 

1.0 

Round 

15.83 

41.32 

1.5 

Round 

0.5 

2.9-1 

•2.0 

Round 

3.58 

37.  18 

Hammered. 

0.25 

0.25 

2.21 

.46 

0.3 

0.3 

7.88 

2.36 

0.75 

0.375 

1.33 

1.5*5 

Hammered. 

1.0 

u.375 

0.23 

.29 

•1.0 

0.5 

1.5 

2.52 

1.0 

1.0 

0.58 

1 .94 

1.25 

0.5 

2.16 

4.53 

1  .25 

0.625 

0.84 

2.20 

Hammered. 

1.25 

0.75 

0.71 

2.23 

1.375 

0-05 

4.0 

.92 

1.375 

0.25 

0.33 

.37 
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Bills  of  iron  for  Field  Carriages. 


Kind  of 
carr 

Width. 

Thick- 
ness. 

Length. 

Weight. 

REMARKS. 

In. 

In. 

Feet. 

Lbs. 

24-POUMDER 

1.5 

0.25 

4.0 

5.0-1 

HOWITZER 

L.5 

0.5 

i  ,nb 

I  [ammered. 

CARRIAGE — 

1.5 

0.625 

1.06 

5.22 

I  [ammered. 

Continued. 

1.5 

0.75 

0.37 

1.39 

I  lammered. 

1.5 

1.5 

0.59 

1. 16 

1  [ammered. 

1 .  75 

0.25 

0.93 

1.36 

1.75 

0.375 

3.5 

7.70 

2.0 

0.125 

0.33 

.28 

Hammered. 

2.0 

0.75 

0.92 

4.63 

2.0 

1.0 

1.0 

26.88 

1  [ammered. 

2.0 

1.25 

0.38 

3.19 

I  [ammered. 

2.5 

L.75 

0.5 

7.35 

1 1  ammered. 

2.75 

1. 

0.33 

3.04 

3.0 

0.5 

11.23 

56.59 

3.0 

,1.25 

1.S4 

23.  IS 

f  Hammered  ;  or  2  drafts 
1       ca  p  Sq  uares. 

for 

3.0 

1.5 

2.33 

35.22 

\  1  [ammered  :  or  2  drafts 
(      trunnion  plates. 

for 

3.25 

0.1SS 

2.:.: 

5.24 

3.25 

0.375 

0.30 

1.22 

3.75 

0.15 

0.5 

.94 

3.75 

0.2 

0.57 

1.43 

3.75 

0.25 

0.3S 

1.19 

5.0 

0.25 

0.b3 

3.4S3 

G.O 

0.2 

1.5 

6.04 

200. 

Draft  for  axletrce. 

1.0 

0.375 

0.21 

37. 

Draft  lor  lunette. 

Steel  for  lunette. 

4  small  rondelles  ]  east 

507.10 

0.2G 

17. 

13. 

2  large  rondelles  J  iron. 

30. 

8. 

f  Brass  for  box  of  eleval 

"g 

1       srrew. 

.42 

Braes  for  2  turnbuckles. 

S.42 

BILLS    OF    IRON. 

Bills  of  iron  for  Field  Carriages. 
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Kind  of 
carriage. 

Width. 

Thick- 
ness. 

Length. 

Weight. 

REMARKS. 

In. 

In. 

Feet. 

Lbs. 

12-PDR.  GUN 

0.15 

Round 

2.M 

0.18 

For  chains  No.  1. 

CARRIAGE. 

0.2 

Round 

y.so 

l.o:s 

2.3  feet  lor  chains  Xo.  2. 

0.25 

Hound 

l. 0b 

.la 

0.375 

Round 

19.60 

7.21 

0.5 

Round 

7.54 

4.93 

0.625 

Round 

4 .  73 

4. 82 

0.75 

Round 

1.12 

2.08 

0.S75 

Round 

0.65 

1.30 

1.0 

Round 

L5.b3 

41.32 

1.5 

Round 

0.5 

2.94 

2.0 

Round 

3.58 

37.48 

Hammered. 

0.25 

0.25 

-'.21 

.11; 

0.3 

0.3 

7.88 

■2.-.W, 

0.75 

0.375 

1.33 

1.2.". 

Hammered. 

1.0 

0.375 

.23 

.29 

1.0 

0.5 

1.5 

2.52 

1.0 

1.0 

.58 

1.04 

t.25 

0..-) 

2.16 

t.53 

1.25 

0.625 

0.b4 

2.20 

Hammered. 

1.25 

0.7.'. 

0.71 

2.23 

1 .375 

0.0.") 

1.00 

.'.'2 

1.375 

0.25 

0.33 

.37 

1.5 

0.25 

4.00 

.'i.o  1 

1.5 

(i.:. 

1.08 

2.72 

Hammered. 

1.5 

0.625 

1.66 

5.22 

1 1  ;i  tnmered. 

L.5 

0.7:. 

.37 

1.30 

I  lammered. 

1.:') 

1.5 

.59 

4.46 

Hammered. 

1.75 

0.25 

.93 

1.36 

1.75 

0.375 

.5 

1.10 

2.0 

0.125 

.33 

.28 

Hammered. 

2.0 

0.75 

0.92 

4.63 

2.0 

1.0 

4.00 

26.88 

Hammered. 

2.0 

1.25 

0.38 

3.19 

Hammered. 

2.5 

1.75 

0.5 

7.35 

Hammered. 

2.75 

1.0 

0.33 

3.04 

3.0 

1.25 

1.S4 

23.18 

f  Hammered  ;  or  2  drafts  for 
|      cap  squares. 

3.0 

1.5 

2.33 

35.22 

|  Hammered  ;  or  2  drafts  for 
{      trunnion  plates. 

3.2 

0.5 

7.23 

38.86 

3.25 

0.188 

2.17 

4.42 

3.25 

0.375 

0.30 

1  .22 

3.25 

0.5 

5.00 

27.30 

3.75 

0.15 

0.5 

.94 

so 


CHAP.    III. ARTILLERY    CARRIAGES. 

Bills  of  iron  for  Field  Carriages. 


Kind  of 

Width. 

Thick- 

Length. 

Weight. 

REMARKS. 

carriage. 

ness. 

In. 

In. 

Feet. 

Lbs. 

12-pdk.  gi;n 

3.75 

0.2 

0.57 

1.43 

cakkmgk — 

3.75 

0.25 

0.38 

1 . 1 9 

Continued. 

5.0 

0.25 

0.83 

3.  18 

6.5 

0.2 

1.5 

6.54 

2(10. 
42. 

571. OS 

Draft  for  axletree. 
Draft  for  lunette. 

1.0 

0.375 

.21 

0.26 

17. 

Steel  for  lunette. 

4  small  rondelles,  1  cast 

2  large  rondelles,  J  iron. 

13. 

30. 

* 

S. 

{  Brass  for  box  of  elevating 

{     screw. 

.12 

Brass  for  2  turnbucklcs. 

2.93 

8.42 
1.91 

Wheel 

0.5 

Round 

No.  J. 

0.25 

0.25 

1.63 

0.34 

1.0 

0.5 

0.5S 

0.97 

1.25 

0.25 

5.553 

6.12 

1.5 

0.25 

4.67 

5.8s 

1.625 

0.125 

1  .00 

0.6S 

2.75  • 

0.5 

15.00 

09.30 
85.20 

In  one  piece  ;  for  tire. 

15.5 
2.0G 

Cast  iron  for  nave  box. 

Wheel 

0.5 

Round 

3 . 1 5 

No.  2. 

0.25 

0.25 

1 .63 

0.34 

1.0 

0.5 

0 .  58 

0.97 

1 .25 

0.25 

i\.-l'J 

6.60 

1.5 

0.25 

5.33 

6.72 

1.625 

0.125 

1 .00 

0.68 

2.75 

0.625 

15.00 

86.55 

In  one  piece  :   for  tire. 

103.92 

15.5 

Cast  iron  for  nave  box. 

BILLS    OF    IRON. 

Bills  of  iron  for  Field  Carriages. 
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Kind  of 
carriage. 

Width. 

Thick- 
ness. 

Length. 

Weight. 

REMARKS. 

In. 

In. 

Feet. 

Lbs. 

Limber. 

11 . 1 5 

Round 

2.ov 

1     0.13 

For  chains  No.  1. 

0.2 

Round 

:;.>,: 

.33 

2.3  feet  lor  chains  No.  2 

0. '.>."> 

1.'  nund 

4.95 

.80 

2.33  feet  for  chains  No.  3. 

0.375 

11  .8 

1.34 

0 . 5 

Round 

1.30 

.- 

0.U25 

linn  nd 

l  .80 

1.83 

0.75 

Round 

1.75 

6.98 

0.81 

Round 

0.30 

.60 

1.0 

Round 

2.69 

1.25 

Round 

1.08 

1.11 

1.1525 

Round 

0.75 

0.26 

0.25 

2.3 

.1^ 

0.3 

0.3 

1.19 

.35 

0.5 

0.17 

.07 

0.5 

0.5 

0.95 

.vii 

1.0 

0.25 

0.93 

.78 

t.o 

0.5 

3.33 

I  [ammered. 

1.0 

0.1 

0.5 

l  .63 

I  In  in  met  • 

J  .25 

4.19 

4.40 

Hammered. 

1 .25 

0.5 

2.07 

5.(10 

1.25 

1.15 

3.01 

1.25 

0 .  75 

0.71 

Hammered. 

1.25 

1.25 

1.0 

1.5 

0.125 

1.0 

.«;.') 

1.5 

0.5 

2.17 

5.  16 

Hammered. 

1.5 

2.12 

ti.(i7 

Hammered. 

1.5 

0.75 

.38 

1.43 

1.75 

0.375 

1.0 

1.75 

0.5 

o.r. 

1.17 

2.0 

0.125 

1.11 

2.5 

0.188 

0.54 

.65 

2.5 

0.5 

3.84 

16.12 

2.5 

1.5 

0.5 

6.30 

2.75 

0.5 

0.54 

2.  19 

3.0 

0.025 

0.5 

3.15 

3.5 
4.25 

2.2 

0.25 

0.84 

0.75 

24.09 

2.67 

120. 
25. 

283. 

f  Hammered  :    middle    piece 
(      for  axlelree. 

its  for  axletree. 
Draft  for  pintle  hook. 

1.0 

0.375 

0.21 

0.20 

Steel  for  pintle  hook. 
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Bills  of  iron  for  Field  Cam 


Kind  of 
carriage. 


Width. 


Thick- 
ness. 


Length. 


Ammunition 

CHEST. 


Caisson. 


In. 

0.375 
0.5 
0.75 
1.0 
1.0 
1.0 
1.5 
1.5 
1.5 
1.5 
1.75 
15.5 


25.1 


0.15 

0.2 

0.25 

0.375 

0.5 

0.875 

l.o 

1  .25 

0.25 

0.3 

1.0 

1.0 

1.0 

1.1. '5 

1.25 

1  .25 

1.25 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 


In. 

Round 

Hound 
Round 
Round 

0.5 

1.0 

0.375 

0.75 

1.0 

1.5 

0.75 

0.1 


No.  2  1 


Round 

Ron  nil 

Round 

Round 

Round 

Round 

Round 

Round 

ii.'.';'! 

ii.:; 

0.25 

0.5 

1.0 

0.25 

0.5 

0.825 

0.75 

0.125 

0.25 

0.5 

0.625 

0.75 

1.5 


Feet. 

1.5 

3.16 

4.13 

0.25 

0.08 

2.00 

1.73 

4.5S 

0.2 

1  .0 

0.33 

■1.0 


B .  53 
1.08 

0.71 
15.0  I 
0.03 
1.02 
•I.  19 
2.01 
2.02 
6.23 
1.75 
I.;". 
2.79 
0.19 
.'{.is 

3.1 
0.70 
2 . 0 
3.0 
0.33 
.S3 
1.33 
1.33 


Lbs. 


67.2ti 


9.50 


0.21 


0.50 

u.  13 

.11 

5.53 

.11 

2.0  1 
11.71 
10.67 

.til 
1.87 

1.17 

9.37 

■  is 
6.68 
8.12 
2.20 
1.26 
3.78 

.83 
2.61 
5.02 
10.05 


Sheet  copper  lor  cover. 
Brass  for  turnbuckle. 

For  chains  No.  1. 


Hammered. 


Hammered. 
1  lammered. 


I  [ammeri  d. 
I  [ammered 


BILLS    OF    IRON. 

Bills  of  iron  for  Field  Carriages. 


SJ 


Kind  of 

Width. 

Thick- 

Length. 

Weight. 

REMARK'S. 

carriage. 

In. 

ness. 
In. 

Feet. 

Lbs. 

Caisson — 

2.0 

0.125 

1.07 

1.40 

Continued. 

2.0 

0.5 

0.75 

2.52 

2.31 

0.25 

0.69 

1 .33 

2  5 

05 

:  -i 

29.40 

3.0 

0.5 

6.40 

32.55 

3.5 

0.25 

0.5 

1.47 

3.5 

1.0 

3.17 

37.27 

f  Hammered  ;  or  2  drafts 
(      lunette. 

for 

4.0 

0.25 

0.84 

2.82 

4.2'. 

1 .25 

1.5 

26.77 

5.75 

0.5 

0.48 

4.63 

6.0 

0.5 

0.5 

5.04 
136. 

2  drafts  for  axlctree 

309.17 

Forge. 

0.1. r) 

Round 

1.5 

0.09 

For  chain  No.  1. 

0.2 

i;  .niii.i 

3.75 

.38 

2.3  feet  for  chain  No.  2. 

0.25 

Round 

0.57 

.93 

0.375 

Round 

19.48 

7.17 

0.620 

Hound 

0.2 1 

.21 

0.5 

Hound 

3.51 

2.29 

0.75 

i;.  .iin.i 

4.58 

>■>.-,:: 

0.875 

Hound 

0.58 

M0 

1.0 

Hound 

l.bS 

4  90 

1 .25 

Round 

3.  is 

14.23 

1.5 

Hound 

0.3 

1.76 

2.5 

Hound 

0.67 

10.96 

li.'J.-. 

0.25 

1 .32 

.28 

0.3 

0.3 

6.23 

1.S8 

0.5 

0.25 

.17 

.07 

0.025 

0.375 

.79 

1.89 

0.75 

0.75 

1.0 

.63 

1.0 

0.25 

1.25 

1.05 

1.0 

0.375 

0.&4 

1.06 

1.0 

0.5 

2.75 

4.62 

1.25 

0.25 

0.5 

.52 

1 .25 

0.375 

0.88 

1.3b 

1.25 

0.5 

4.31 

9.05 

1.25 

0.G25 

1.56 

4.0S 

Hammered. 

1.2.'. 

0.75 

0.7 

2.20 

1.25 

1.0 

1.0 

4.20 

Hammered. 
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CHAP.    III.  —  ARTILLERY    CARRIAGES. 

Bills  of  iron  for  Field  Carriages. 


Kind  of 
carriage. 


Forgk — 
Continued. 


Width. 


In. 

1.25 
1.5 

1.5 
L.5 

1.5 

1.5 

1  .G25 

1.75 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2,25 

2$ 

2.025 

3.0 

3*5 

l.o 

10. 
13  25 
27. 
28. 


0.75 
1.0 


Thick 
ness. 


In. 


22.5 

18.5 

20. 


1.25 

0  25 

0.375 

0.5 

0.75 

1.0 

0.125 

0.75 

0.121 

0.15 

0.25 

0.5 

1.0 

1.375 

0.15 

0.5 

0.25 

0.025 

1.0 

0.25 
No.  12 
No.  11 

No.    b 
No.  24 


0.5 
0.25 


No.  24 

No.  21 
No.  L8 


Length.    Weight. 


Feel. 


3.17 


0.07 
0.33 


7.33 

3.01 
0.05 


Lbs. 


37.27 


I  [aramei  ed 


I  lammered. 
I  [aiumered. 


1  lammered. 


(lammered. 
Hammered. 


Hammered. 
f  Hammered  :  or  2  drafts  for 

(      lunette. 

Sheet  iron. 
Sheet  iron. 
Sheet  iron. 
Russia  sheet  iron. 
J  ili-. iiis  for  axletree. 


Cast  steel. 
Spring  steel. 


30.5      Cast  iron  air  back. 


Brass  for  wind  pipe. 


530.44 


1 5.75 

5.25 
J. HO 


22.90 


f  Sheet  copper;    iii  2  sheets 
j      44  in.  long. 
Sheet  copper. 

Sheet  eopper. 


BILLS    OF    IRON. 

Bills  of  iron  f<>r  Field  Carriages. 


85 


Width. 


Thick 
ness. 


Length.     Weight, 


RKMARKS. 


In. 

0.25 
0.375 
0.5 
0.625 

0.75 

1.0 

1.25 

1.5 

0.25 

0.3 

075 

l.o 

1  0 

1.0 

1.0 

1.0 

1.125 

1.25 

1 .25 

1 .25 

1.2S 

1 .25 

1.5 

1.5 

1.5 

1.5 

1.5 

L.625 

2.0 

2.0 

2.5 

2.5 

3.5 

3.75 
4.0 
5.25 
5.5 


In. 

Round 
Round 
Round 
Round 
Round 
Round 
Round 
Round 
0.25 
0.3 
0.375 
0. 1 25 
0.25 
0.375 
0.5 
1.0 
0.25 
0.25 
0.375 
0.5 
0.625 
0.75 
0.25 
0.375 
11.5 
0.75 
1.0 
0.5 
0.125 
0.75 
0.1SS 
0.5 

1.0 

0.15 
0.25 

0.25 
0.375 


Feet. 

26.08 

20.3 
6.92 
1  .'.'2 
0.22 
1.38 

2.6  i 

3.11 
0.N 
6.23 
L.38 

6.25 

8.41 

5.1»2 

1.5 

2.84 

1.12 

0.38 

1.71 

2. 1 B 

0.73 

(1.71 

11.25 
1.5 
0.33 
•J. 4  7 
0.83 

16.67 
0.83 
0.5 
L.67 
5.33 

3.17 

B.48 
0.83 
0.65 

1.6G 


Lbs 


4.25    24.7  feet  for  chains  No.  1. 
7.47 


95 

I  1 

CI  I 

63 

::i 
09 

29 
62 
06 
16 
52 
:.l 
11 
.in 

1.58 
1.91 
2.23 

11.17 

2.83 

.&3 

it.::  J 

LIS 

45.50 

.70 

2.52 

2.62 

^2.3S 

37.27 


10. 

2. 

'  2. 

11. 
130. 


417.74 


0.21 


Hammered. 


Hammered. 

Hammered. 


Hammered. 


J  Hammered;  or  2  drafts  for 
}      lunette. 


2  drafts  for  axletree. 


Ca>t  brass  for  turnltuckle. 


N<> 


CHAP.    111. — ARTILLERY    CARRIAGES. 

Bills  of  iron  for  Siege  Chin  Carriages. 


Width 

Thick- 

L2-POUNDER. 

1  3-POONDBR. 

24-POl  NDBR. 

KEMAKKS. 

ness. 

In. 

In. 

Feel. 

Lbs. 

Feet. 

Lbs. 

Feel. 

Lbs. 

0.2 

Round 

2.29 

0.24 

2  29 

0.24 

2.29 

0.24 

For  chains  No.  '.'. 

0.25 

Round 

5  17 

.81 

5  17 

.Si 

5. 1  7 

.84 

.'!  feet  0.  inches  for 

0.375 

Round 

9.03 

3.32 

9.03 

9.03 

3.32 

chains  No.  3. 

0.S 

Round 

.62 

.40 

.62 

.Pi 

.62 

.40 

0.625 

Round 

13.05 

13.31 

13.05 

13.31 

13.05 

13.31 

0.75 

Hound 

7.10 

10.SS 

7.46 

1 0.96 

7.52 

1  1 .05 

1.0 

Round 

3. 

7.S3 

3 

7.S3 

3. 

7.63 

1.125 

Round 

'.'.17 

7.18 

2.17 

7. IS 

2.17 

7.1s 

1.25 

Round 

1S.57 

75.95 

17.12 

70.01 

is.  12 

71.07 

1.5 

Round 

2  L8 

12.64 

4.64 

27  33 

4.91 

28.92 

2.0 

Round 

5 

5.23 

.5 

5.23 

.5 

5.23 

2.375 

Round 

1 .58 

23.32 

1.58 

23.32 

1.58 

1  [ammered. 

2.5 

Round 

2.04 

33  37 

■J. (II 

33.37 

2.04 

33.37 

3.0 

Round 

.33 

7.77 

.33 

7.77 

.33 

7.77 

0.25 

0.25 

133 

.2*5 

J. 33 

.28 

1.33 

.28 

0.3 

03 

3.17 

.95 

3.17 

.95 

3.17 

.95 

0.375 

0.375 

8.75 

4.11 

8.75 

■1.11 

8.75 

1.1  1 

1. 

0.5 

.38 

.61 

.3s 

.6  1 

.38 

.61 

1.25 

0.625 

.21 

.55 

.21 

.55 

.21 

.5.'. 

1.25 

1.25 

1.67 

8.77 

1.71 

8.97 

1.73 

9.08 

1.5 

0.125 

.5 

.31 

.5 

.31 

.5 

.31 

1.5 

0.375 

5.0 

9.45 

5.0 

9.45 

5.0 

9.  1.". 

1.5 

0.025 

2.12 

7.62 

2  12 

7.62 

2.42 

7.62 

1.5 

0.75 

1.71 

6.46 

1.71 

6.10 

1.71 

6.46 

1.75 

0.5 

.58 

1.70 

.58 

1.70 

.58 

1.70 

2.0 

0.75 

.58 

2.92 

.58 

2  92 

."'S 

2.92 

2.0 

1.0 

.67 

4.50 

.67 

1.50 

.67 

4.50 

2.5 

0.1S8 

1.67 

2.62 

1.07 

2.62 

1  0.7 

2.62 

2.5 

1.25 

5.33 

55.95 

4.42 

10.11 

4.42 

10.11 

Hammered. 

2.75 

1.5 

.93 

L2.89 

.93 

12.59 

1  [ammered. 

3.0 

0.625 

' '  .93 

5  86 

.93 

5.66 

.93 

."'.vo 

3.5 

0.25 

.58 

1.70 

.58 

1.70 

.58 

1.70 

3.5 

0.375 

.58 

2.56 

.5s 

2.56 

.58 

2.50. 

3.5 

0.625 

.96 

7.01 

.96 

7. Ill 

.96 

7.01 

3.5 

2. 

.29 

6.82 

.29 

6.82 

.29 

6.82 

3.75 

2. 

.38 

9.57 

.38 

9.57 

.38 

9.57 

4.0 

0.25 

4.33 

14.54 

4.33 

1 4.51 

4.33 

14.51 

4.0 

0.5 

1.23 

8.26 

1 .23 

8.26 

1 .23 

8.26 

4.0 
1.0 

0.625 

0.75 

3.17 
3.00 

26  6.'i 

In  one  piece. 
In  one  piece. 

30.8 1 

Forwi 

123.13 

383.69 

II 

BILLS    OF    IRON" 


87 


Bills  of  iron  for  Siege  Gun  Carriages. 


Width 


Thick- 
ness. 


J  2- POUNDER. 


I   XDER. 


24-POUNDKR. 


REMARKS. 


In. 

In. 

Feet. 

Lbs. 

Feet. 

Lbs. 

Feet. 

Lbs. 

423.13 

3.  10 
3.13 

.in 

377.84 

1.60 

3b3.69 

4.25 

0.75 

In  one  piece. 
Do. 

1.25 

- 

4 . 7.r) 

.in 

1.1,0 

Do. 

4.7.'. 

Do. 

4 . 7:"> 

0.7.7 
0.R25 

3.13 
.42 

37.46 

4.  11 

Do. 

5. 

.42 

4.41 

.42 

4.11 

r>.7.r) 

0.5 

.7". 

7.24 

.77 

7.24 

.77 

6.5 

0.25 

I. OS 

ri.^i 

1.0S 

. 

I. OS 

1  n  one  piece. 

9.0 

0.5 

3.25 

49.]  1 

19.1  l 

3.25 

19.1  1 

Steel  for  shoe. 

5.75 

0.375 

0.79 

26.3 

0.79 

0.79 

36.1  1 

r 

2  trunnion  plates. 

16. 

17.7 

.'  cap  squares. 

i 

•)•)■) 

Drafts ; 

L6.5 

16.5 

16.5 

1  lunette. 

21.5 

21  .5 



21.5 

1  shoe. 

I 

793.71 

817.4 

639. TO 

Cast  iron..   -| 

43.5 



43.5 

43.5 

•2  rondelles. 

52 .  .7 



96. 

1  rondelles. 

1. 

96. 

96 . 

Cast  brass.  .  . 

15.37 

15.37 



15.37 

Box  tor  screw. 

$8  CHAP.    III.  —  ARTILLERY    CARRIAGE8. 

Bill  of  iron  for  one  Siege  Carriage    Wheel. 


Width. 


kness.       Length. 


Weigh  I 


In. 
-.1.  :r, 
0.25 
1.5 

1.5 
1 .75 
2.5 
A. 


In. 
Round 
0.25 
0.375 

0.75 
0.375 
0.183 
0.70 


Feet. 
■1  33 
2.12 
7.6(3 
.87 
6.08 
1.4G 

15.5 


Oast  brass 


Lbs. 

6.36 

.11 

1  Lis 

3.29 

13.37 

2.29 

[56.24 

196.47 

21. 


Tire  ;  in  one  piece. 


Na\ c  box. 


Bill  of  iron  for  one  Siege  i'iirringe  Limber. 


Width. 

Thickness. 

Length. 

Weight. 

REMARKS. 

In. 

In. 

Feet. 

Lbs. 

0.25 

Round 

2.92 

0.17 

0.5 

.    Round 

14.83 

9.70 

0.75 

Round 

15.58 

22  90 

1.0 

Round 

1.5 

3.91 

1.25 

Round 

2.71 

11.08 

0.3 

0.3 

1.01 

.34 

0.375 

0.375 

1 .83 

.86 

1.0 

0.5 

.17 

.28 

L.125 

ii.  15 

.09 

.OS 

1.5 

0.5 

0.5 

1.26 

1.5 

0.625 

.2.42 

7.02 

1.5 

0.75 

3/21 

12.13 

1.75 

0.5 

1.33 

3.91 

2. 

0.2 

.83 

1.11 

2 

0.5 

1 .33 

1.46 

•2.5 

0.1SS 

■:  33 

5.23 

2.5 

0.5 

.83 

3.48 

I  Inminered. 

2.5 

0.625 

6.08 

31  92 

1  [ammered. 

•2.5 

1.25 

.21 

'2.20 

2.5 

2.5 

.96 

20.10 

Hammered. 

2.75 

0.625 

5.33 

30.75 

3.0 

0.625 

3. 

L8.90 

3.5 

0.025 

.96 

7.05 

1 1  ammered. 

1.0 

0.75 

4. 

40.32 

5.5 

1. 

.S3 

15.34 

222.00 

36.50 

Draft  li>r  axle'tree. 
Draft  for  pintle  plate. 

513.93 

BILLS    OF    IROX. 

Bill  of  Tron  (<  r  one  Mortar  Wagon. 


h9 


Width. 

Thickness. 

Length. 

Weight. 

i 

REMARKS. 

In. 

In. 

Feet. 

Lb*. 

0  25 

Round 

0.12 

0.06 

0.375 

Round 

8:79 

3.23 

0.5 

Round 

.62 

.40 

0.625 

R<  ii ml 

17.46 

17.81 

0.75 

Round 

17.37 

20.27 

1. 

Round 

2.02 

1.25 

Round 

A3 

3.39 

1.5 

Round 

2.7.'. 

10.20 

1.625 

Round 

1.08 

7.10 

0.25 

0.25 

1.68 

0.3 

0.3 

8.40 

2.53 

1)  37-') 

0.375 

3.32 

1.56 

1. 

0.25 

.12 

.35 

1. 

0.5 

.37 

.02 

1.25 

0.2 

2.43 

1.25 

0.025 

1 .07 

1  37 

1.5 

1.08 

2.0  1 

1.5 

0.5 

.58 

1.46 

1.5 

0.025 

2.12 

7.02 

J. 5 

0.75 

1.21 

15.91 

2. 

0.125 

2. 

1.0H 

2. 

0.7.'. 

.58 

2  92 

2, 

g 

.50 

6.72 

2.5 

0.1S8 

3.12 

4.90 

2.5 

0.375 

6. 

1-.'.';} 

•2.5 

0.5 

1.67 

7.01 

2.5 

0.02.') 

.50 

2.62 

Hammered. 

2.75 

(15 

5.17 

2  t.sa 

3. 

1.5 

.29 

l.:*8 

3.375 

0.5 

7.33 

41.56 

3.5 

0.625 

92 

3.75 

0.75 

3.21 

30.33 

• 

4. 

0.75 

.12 

1  23 

5. 

0.3 

.92 

A  63 

5.5 

0.3 

3  58 

19.83 

6. 

0.3 

1. 

6  m 

6. 

0.75 

.7-'. 

11.31 

6.5 

,     0.25 

l.OS 

5.  V.I 

6.5 

0.3 

.60 

3  93 

S. 

0.5 

.SO 

10.75 

222.00 

21.50 

Draft  for  axletree. 
Draft  lor  shoe. 

Steel  for  shoe. 
Brass,  for  two  journi 

58  i.  01 

5.75 

0.375 

0.70 

5.72 

3.5 

1  boxes. 

90  CHAP.    III. — ARTILLERY    CARRIAOBS. 

Bill  of  iron  for  one  12-pdr.  '"'  '""  18-jMfr.  Barbetti  Carriage. 


SIZE    OF     IRON. 


Wide.    Thick. 


I   KIAGE. 


111. 

0.5 
0.75 

In. 
R  i  lund 
Round 
Hound 

1 :  1 1 1  n  i .  i 

Round 

Round 

0.20 

0.5 

0.125 

0 . 5 

1.1) 

0.3 

0.375 

(I.:, 

0.75 

1  .5 

0.125 

0.2* 

0.1 

0.75 

1. 

0.1SS 

0.5 

1.0 

1.25 

0.188 

0.25 

0.5 

0.5 

1.0 

1,5 

0.5 

0.'875 

0.5 

0.25 

1. 

Feet. 
>. 
l-Ss-2 

IS. 2a 

.33 
3.5 
1  .75 

Lbs. 

1.17 
7.0S 

17. 7 1 
1.94 

36.64 

Feet. 
I  L.96 

LI  - 

Feet. 

u.-j; 
1.82 

. 

.33 
7.2.'> 
3.08 

7.02 
.12 

1.00 

2.83 
1.64 

.50 
5.17 
2.08 
1.00 
1  .60 

is. SO 
1.21 
5.17 
6.03 

.83 
1.3o 

.37 
5.5 
7.20 
1.62 

'.'.  Ml 

1.10 

.70 

l.ir, 

3.91 

22.67 

1.0 

1.62 

1.5s 

Lbs. 
9.29 

7.0n 

81.25 

1.0  1 
75.90 
45.40 

L.63 

.03 

1 .82 

9.50 

•j, 10 

.94 

13.02 

7. so 

7.56 

1.08 

31.61 

3.24 

26.05 

10.52 

1.30 

6.55 

3.73 

69  30 

14.68 

1  42 

16.46 

7.  >9 

10.61 

23.41 

29.78 

299.69 

13.44 

0.0 

42.47 
141. 

• 

1. 
1 .5 

1 2 .  35 

Add  ftin.  for  lb-pdr 

2. 
2.375 

0 .  25 

3.75 
1.33 

7 .  75 

39.26 

19.63 

1.63 

1  i  ammered. 

0  '■-> 

7.92 

6.65 

0.75 

.92 

.03 
1.54 

1.0 

1    0 

.17 
2. S3 

.2a 

9.50 

1  .5 

1.64 

..-,o 

2.  l!l 

.01 

1.5 

1   5 

5.17 

2.08 

L.00 

.27 

. . . . . 

13.02 
7.86 

.18 

1   5 

1.5 
1.625 

2.1) 
2.0 

1.33 
La. 60 

1.21 

.00 

31.61 
3.24 

2.0 

2.0 

2.5 

3.0 

3.0 

3.0 

3.25 

3.25 

3.5 

5.17 

3.20 

.S3 

1.30 

.37 

4.  SO 
L.62 

26.05 

21.50 

1.30 

2.83 

L9.02 

3.73 

9.70 
4.42 

5.5 
2.40 

69.30 
4.89 

2.80 

16.  16 

1.0 

4. 

] 

1.19 

.79 

1.16 

3.94 

22.67 

10.61 

23.  11 

20.7s 
299.69 

1   g 

4.5 

1.6 
1.62 

1  .  5b 

L3.  i  l 

o.o 
42.4  7 

2  pieces,  11  ft.  4  in. 

6.625 

8. 

111. 

Draft  for  axletree. 

f 

1 

on | 

! 
i 

751.55 



316.89 



1068.75 

1.751b.  for  18-pdr. 

1. 
270. 
206. 

I. 

270. 
206. 
130. 



Cast  ir 

130. 

2  traverse  wheels. 

4  SO. 

1 30 . 



610. 
11. 

r.iM  !' 

11. 

Bill  of  iron  for 

one  24-pdr. 

Barbette  Can 

/./;/.  . 

SIZE    OF    UK'S. 

GCN  CARRIAGE. 

CHASSIS. 

TOTAL. 

Wide      Thick. 

REMARKS. 

In. 
0.5 
0.75 
1.0 
1.125 
1.5 
2. 

2.25 
2.375 
0.25 
0..r) 
0.7.r> 
1.0 
1.125 
i.r. 
1.5 
1.5 
1.5 
1.5 

1.625 
2.0 

a.o 

2.0 

2.0 

2.25 

2  5 

3.0 

3.0 

3.() 

3.25 

3.5 

3.5 

3.G25 

I. 

4. 

4. 

4.5 

4.75 

5. 

6.625 

8.0 


In. 
Round. 
Round. 
Round. 
Round. 
Round. 
Round. 
Round. 
Round. 

0.25 

0.5 

0.125 

0.5 

1 . 1 25 

0.3 

0.375 

0.5 

0.75 

1.5 

0.125 

0.25 

(t.J 

0.75 

1.0 

1.12.". 

0. 1 88 

0.5 

1.0 

1 .25 

o.iss 

0.25 

0.5 

0.18S 

0.5 

1.0 

1.5 

0.875 

0.5 

0.5 

0.25 

1.0 


Feel. 

2.: 35 
l  91 
15.52 
5.2 1 
.33 
2.5 
1.08 
1.75 


7.02 


.16 
3.1  I 


5.16 

2  02 
1.0 


5.17 

2.51 

.63 

.83 

3.10 

.37 


2  01 
1.62 


1  8 
1.27 
.8 
1.17 
22.67 
4.15 


Ll>s. 

1 .54 
7.20 
10.50 
1 3.^3 

l.oi 
26  17 
14.31 
25  83 


6.65 


.v  / 
13. 31 


13. 

ll.o.", 

7. -"Hi 

.is 


17.07 
7.05 
I  30 

15  62 
3  73 


5.99 
1.76 


4.10 
S.53 

10.75 
23.01 
299.69 

:!::.!  l 


17. 


Feet. 
12.96 


]  1.69 


1.33 

7.;.. 


.12 

.01 


1 .6 1 
0.5 


i.::  : 

ls.71 

1 .2 1 


2.39 


2.-7 


1.0 

1.00 

1.5s 


Lbs. 
8.47 


30.20 


19.63 
1.62 


0.03 

1.52 


2.10 
.01 


31.43 

3.24 

10.01 


oo. -io 
1.88 


16.87 


13.11 

9.23 

42.48 


Feel. 
15.31 

4.01 

20.2 1 

1.21 

.33 

0  25 
1.08 
3  os 
7.75 
7.92 

.12 
1.07 
3.11 

101 

.:. 
5.16 

1.0 

l.oo 

is  7! 

1  21 
5.17 
5.37 

A3 
.83 
3.10 
.37 
5.5 
5.33 
1.62 

1.8 

1.27 

.8 
1.17 
22.137 
4.15 
1.6 
1.66 
)  .58 


Lbs. 

10.01 

7.26 

70.2:; 

13.93 

1.0  1 

65.43 
I  1.31 

15,10 
1.02 
6.65 

1.70 
13.31 

■J.  10 

.94 

13.00 

ll.o:: 
7.56 
l.os 

31.43 
3.24 

20  05 

7.05 

1.30 
15.62 

3  73 
00.30 
10.S7 

4.70 
1'  .87 

4.10 

8.53 
10.75 
23.01 
299  oo 
33.11 
13.44 

9.23 
42.48 
1  17. 


r 

Casi   iron .  .  .  .  -| 


Cast   brass 


I 

791.87 
6. 

200. 

320.16 



1 

130. f 

1 

452. 

130. 

11. 

6. 
400. 

2n0. 


012. 
11. 


Hammered. 


!  pieces,  11  ft.  4  in. 


[Draft  for  axletree. 


2  bevel  w  ashers. 
*2  rollers. f2wh'ls. 
2  naves. 


Nut  for  screw 
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C1IAI'.    III. ARTILLERY    CARRIAGES. 


Bill  of  iron  for  ",,<■  %2-poun  ■■  r  Barbettt  Can 

SIZE    "I'    IB 

CHASSIS. 

TOTAL. 

Wide.  J  Thick. 

HK.MAKKS. 

In. 
0.5 
0.75 
LOO 
1 .25 
2. 

■2..'!:.'. 

2.5 

0.25 

0.5 

0.75 

1.0 

1.25 

1.5 

1.5 

1.5 

1.5 

1.625 

2.0 

2.0 

2.0 

2.0 

2.0 

2.5 

3.0 

3.0 

3.0 

3.25 

3.5 

4.0 

4.0 

4.0 

4.125 

4.25 

4.5 

5.5 

6.625 

7.0 

s.o 


In. 
Round. 
Round. 
Hound. 

K  iiihI. 
Round. 
Round. 
Round. 

0.21 

0.5 

0.125 

0.5 

1.25 

0.3 

0.375 

0.5 

0.75 

0.125 

0.25 

0.4 

0.75 

1.0 

2.0 

J  .25 

0.5 

1. 

1.25 

0.1"88 

0.5 

0.5 

1.0 

1.5 

0.25 

0.25 

0.875 

0.5 

0.25 

0.5 

1.0 


IV  el. 

2.60 

23.51 

4- 50 
3.50 

1 .  75 
1.17 


7.9v 


.If, 
3.81 


:, .  i : 
1.33 


5.17 
3.b7 

1.17 

.83 

3.10 

.  II 


5.0u 


2.42 

.7'.) 
1.17 
2.0  1 
3.25 
22.67 
4.56 


Lbs. 

I  .;  I 
3.67 
61  .3ti 
18.65 
::■■...;  I 
25.83 
L9.14 


Feet. 
1  1.96 


27.52 


5.0 


6.65 


.'J  7 


7.75 


.1  I 
.9] 


L.64 

.50 


i  3 . 


i.t)2 
.18 


1.33 
18.62 

1.21 


26.05 
26.00 
15.72 

s.71 
15.62 

I.  It 


3.67 


2.  IK 


10.32 


16.26 
10.62 

2.'!.  til 

7. DC 

I  1  JU) 

299.69 

12. 13" 


Lbs 


71.  S2 


19.63 


L.62 


.ii| 
1.52 


2.1H 
.!l| 


.90 

31.2s 
3.24 


24.66 


15.111 


69.30 
8.16 
3.32     19.52 


1  .iiii 
.67 

1  .  5s 


9.23 

7.ss 
12.  Is 


Feet. 
17.56 
2.511 

4.56 


3 . 8 1 
1.64 

.5,1 

5.17 

I  .33 

1  .r,u 

18.02 

1.2J 

.   5.17 

'   7.51 

1.17 

.83 

6.08 

.  II 

5.5 

9.06 

3.32 

2.12 
.79 

1.17 

•J. ill 

3.25 

•J -J.  II 7 

1.56 

1  .mi 

Ji7 

1  .58 


Lhs 

II 
3 

l :;:( 

88 

15 

10 

1 

(i 

1 
21) 


13 
5 
I 

31 
3 

26 

50 
15 

8 
30 

I 
69 

Is 

19 

hi 

in 

23 

7 

1 

299 

42 

H 

7 

42 

20.' 


r 
i 

Cast   iron. ...  \ 


Cast    brass 


034.94 

39l.i-5 



7.5* 
2924 

206; 

50.+ 
1 30.|| 



505.5 

L80. 


11. 

1326  79 

57.5 
422. 

•jnii. 

685.5 

II. 


Hammered. 


• ,  1 1  ft .  4 


Draft  lor  axletree. 


•i;2  wash's  J  I  pipes. 

t2  rollers,  || 2  wh'ls. 

2  naves. 


Nut  lor  screw. 


Bill  of 

iron  for  one 

%-inch  Howitzer  Barbette  Carriage. 

SIZE    (>F    IKON. 

RUN  CARRIAGE. 

CHASSIS. 

1 

Wide.]  Thick. 

TOTAL.                          REMARKS. 

In. 
0.5 
0.75 
1.0 
1.25 
1.5 
2.0 
2.575 
•2.5 
0.25 
0.5 
0.75 
1.0 
1 .25 
1.5 
1.5 
1.5 
1.5 
L.625 
•2.0 
2.n 
■2.0 
20 
2.0 


3.0 
3.0 
3.0 
3.25 

3.5 
4.0 
1.0 
4.0 

1.125 

4.25 

1.5 

5.5 

0.025 

7.0 

b.O 


In. 
Round. 
Round. 
Round. 

Round. 
Hound. 

Hound. 

Round. 

Round. 

0.25 

0.5 

0.125 

0.5 

1.25 

0.5 

0.375 

0.5 

(1.75 

0.125 

().2.i 

0.4 

0.75 

1.0 

2.0 

o.isa 

1.25 

0.5 

1.0 

1 .25 

0.1&8 

0.5 

0.5 

l.o 

1.5 

0.25 

0.25 

0.875 

0.5 

0.25 

0.5 

1.0 


Feel. 
2.00 
5.12 

22.55 

1.50 
.33 
3    ! 
1.7.'. 
1.17 

Lbs. 

1.70 

7.53 

58.85 

lv  05 

Feet. 

1  1.00, 

LUs. 
9.7S 

Feet. 

17.50 
5.12 

50.07 
1.50 
.33 
8.25 
3.08 
1.17 
7.75 
7.92 
.1  1 
1.07 
3.&I 
1.0,1 

5.17 

.10, 

1.0  1 

18.62 

1.21 

5.17 

7.3^ 

1.17 

.12 

.83 

0.08 

.37 

5.5 

b.79 

3.32 

2.42 

.62 

1.17 

2.01 

3.25 

2-2.07 

4.50, 

1.0,0 

.0,7 

1.5b 

71.83 

1  0  1 

31.03 
19.1  1 

5.0 

52  35 
19.63 

7.75 

1.02 

7.92 

.1  1 

.01 

.0  1 
1.52 

.10 
3bl 

.27 

"0.00 

1.0,1 

.5:i 

2.10 
.01 

5.17 
.10 
.27 

L3  00 

.00 

.18 

L.33 
18.62 

1 .2 1 

.00 

31.28 

::.Jl 

5.17 

3  71 

1.17 

.12 

S3 

3.10 

.37 

21  93 

15.72 

3.67 

21.0,0, 

.00, 
S.7I 
15.0-2 
3.73 

2.9o 

15.01 

5.5 
1.0 
3.32 

0,0.. 'ill 

S.lfi 
19.52 

4.70 

0.77 

2.12 
.02 

1.17 
2.0  1 
3  25 

22.07 

1  5i  i 

1(5.20 
8.33 

23.01 

7.00, 

1 1  m 

290.69 

12.13 

1.00 

.07 

1 .55 

o  23 

7.8S 

42.4* 

•205. 

L!» 
11 

7. 

130 

18 

1 
86 
15 
10 

1 

0 

1 
20. 


13. 

1. 

31, 

3 

20. 
10, 
15 

a 

30 

3. 

69, 

17 
10 
10 

s 
23, 

7, 

1  I 

299 

4  2 

0 

7 

42 

205 


r 

Cast  iron. . . .  ■{ 


Cnst    brn*s 


92.. 24 


7.5* 
20  2.  X 
201). 

505.5 


501. so 


50.  f 

130.1! 


ISO. 


1310.10 


122. 

200,. 


Bs5. 5 
II. 


1  hnnmered. 


2  pieces,  11  ft.  4  in. 


Draft  for  axletree. 


*2\vash's.f4  pipes. 
t'4  rollers,  ||2  vvli'ls. 

'2  naves. 
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CHAP.  III. — ARTILLERY  CARRIAGES. 


BiU  of  iron  for  one  i2-pound 

r  Barh  ft<  Can 

SIZK 

UP    IKON. 

CH/1- 

TOTAL. 

Wide 

.     ....                                 LKIAGb. 

1  luck. 

REMARKS. 

Ill 

0.5 

0.75 

1.0 

1.25 

2.0 

2.375 

0.25 

I).:') 

0.7.'. 

1.0 

1.25 

1.5 

1.5 

1.5 

1.5 

1.625 

2.0 

2.0 

2.0 

2 .  0 

2.0 

•J.  5 

3.0 

3.0 

3.0 

3/25 

3.5 

4.0 

4.0 

4.0 

4.125 

4.5 

1 .  75 

C. 

0. 

7, 


625 


Id. 
Round. 

Hound. 
K'  mnd. 
Round. 
Round. 

i ,  0 1 1  1 1 1 1 . 
Round. 

0.25 

0.5 

0.125 

0.5 

L.25 

ii.:: 

0.375 

0.5 

0.75 

1.'.'.". 

0.25 

0.1 

0.75 

1.0 

2.0 

1.25 

0.5 

1.0 

1.25 

o.lss 

0.5 

0.5 

1  .0 

1.5 

0.25 

0.S75 

0.25 

0.5 

0.25 

0 . 5 

1.0 


Cast  iron. 


Cast  brass 


Feet. 
2.09 

2.:. 

25.65 

1.71 

3.5 

.75 


Lb*. 
1.76 
3.07 
66.95 
19.3-4 
30.01 
1.75    25.83 
1.17    19.14 


Feet. 
15.80 


7.9; 


.17 
3.9  l 


5.17 

1.33 

.27 


5.17 
3.6.7 
1.17 

.63 
3.lo 

.37 


5.00 

2.  IV 

.  79 

1.17 
2.0  1 
2.07 
3.25 
4.58 


■  <■) 


6. 65 


.28 
20.68 


L3.02 

5.02 

.Is 


26.05 

20.00 

15.72 

7.05 
15.02 
3.73 


10.32 

10.20 
10.62 

2:  l.oi 

7.00 

200..,'.) 

12.97 

46.16 


►13. 


30.31 

*5. 
1.33 


.11 


l.oi 
.5 
•9-J 


1.33 
18.59 

1.21 


3.0' 


2.00 


S .  D 

l.o 
3.42 


l.oo 

.07 

1.5s 


Lbs. 
10.33 


70.11 


52.35 
19.63 


l.o.i 


.0-1 


2.  10 
.01 

2.32 


.90 

31.22 

3.24i 


24.66 


15.01 


6y.30 
8.16 

20.11 


9.23 

7.bb 
12.  I- 


Feel. 

is.  10 
2 . 5 

. 


■;i 


cs 

17 

7.". 

02 

.11 

.17 

3.01 

1.0  1 

5. 

0.00 
1.33 
l.oi 
lb.  50 
1.21 
5.17 
7.51 
1.17 

.S3 
0.00 

.37 
r>.:, 
9.00 
3.12 
.,    |2 

.70 
1.17 
2.01 
22.07 
3.25 
I  .  58 
1.66 

.07 
1.58 


LI.. 

12. 

3. 

146. 

10, 

SS 

45, 

10 
1 
6 


20 


i:. 

5 

1 
31 

3 
20 
50 
1.'. 

7 
30 

3 
00 
is 
20 
10 
10 
23 

7 

299 

12 

40 

0 

7 

12 

213. 


053.00 

mil: 

401.03 





7.5* 
292.  X 

200. 

50575 
"ll. 

49.t 

130.|| 



179. 

HULL 

1 354 , 

5G. 

4-2. 

200. 

Obi! 

"Til 


1. 0 


Hai 


red. 


2  pieces,  1 1  It.  1  in. 


Draft  for  axletree. 


'2  wash's,"f  I  pipes. 
t2  rollers,  112  wh'ls. 


Nut  for  screw. 


BILLS    OF    IRON. 
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Bill  of 

iron  for  one  24:-pounder  Casemate  Carriage. 

SIZE    OF    IKON. 

I 

GUN  CARRIAGE.           CHASSIS. 

Wide.  |    Thick. 

1 

In. 
0.375 
0.5 
0.75 
1 

1.5 
o. 

2.375 
3.25 
0.3 
0.75 
1.0 
1.25 
1.25 
1.5 
1.625 
2. 
2." 
2. 
2. 
•2.5 
3.0 
3.0 
3.25 
3.5 

1.75 
5. 


In. 
Round 
Round 

Round 
Hound 
Round 
Hound 
It  t  ni  ml 
Round 

0.3 

(1.375 

0.5 

0.'.' 

(i.::7.'. 
0.75 
0. !  '25 
().'.'.. 
11.75 
1.0 
1 .25 
0.183 

0.2 
0.5 
0.188 
0.1  ;>8 
0.5 
0.3  75 


1  drafl 
1  draft 


Feet. 

4.25 

.!« 

c.  n; 

10.11 
5.00 
1.12 

.1'.' 


Cast  brass. 

Do 

Do 


3.5 


3.0b 
2.S3 
1.87 


Lb*.      Fet>t.      Li>-. 

l.56|... 

.37 

9.05 
Mi. 7:;  10.39 
61.49 
52.35 
16.53 
1 1 .01 


0.S9 
1.64 

2  7.1  1 


3.20 


II  I 
7.0C, 





2.33 

3.33 
.(if, 
1.5 
1. 


5.S3 

.20 

S.li'i 


11.71 
5.5-1 


.19 

5,12 


.26 


.12 

9.10 


2.33     15.65 


2.01 


LI. Ml 

■6-1 

69.10 


3S2.45 


7.35     37.04 
5.90 


22.0ti   142.75 


23. 
83. 


Feet. 
4.25 
L.53 
7.28 

10.4  1 

10. (Hi 

L.12 

.12 
12.50 
::.."» 

.10 
3.0- 
2.83 
1.-7 

.10 
5.12 
2.:,2 
5.66 

.66 
1.5 
1. 

7.::.". 
8.72 

.20 

ti  oo 


II  1.57    797.02 


Ll.s. 
1.56 

.'00 

10.69 

I  13.34 

01.10 

II  L.68 

1 1''.."-:; 
l  l.oi 
3.7- 

.20 

2,7  0 
1.11 
7.00 

.12 

0.1  II 

11.71 

38.03 

5.51 

2.01 

17.01 

17.70 

.64 

69.10 

1  12.75 

S3. 


54.5 

11. 

13. 

1  10. 

Do 

, 

Do 

Do 

Do 

00. 



525. 

350. 



51.5 
11.5 
L3. 

1 10. 

00. 
I  OS. 

92. 

>75. 


11. 


I  I. 


1  I. 


12. 
•j 

■II.' 
58. 


13.5  in.  for  pintle. 


20.5  in.    for  traverse 
wheels'. 


2  pieces,  11  fi.  4  in. 

Tongue  fork. 
Tongue. 


Red  plnte. 

Handle  for  screw. 

Roller. 

2  t  ruck  wheels. 

2  wheels. 

2     do. 

Pintle. 


Nut  for  screw. 
Pinion  for  screw. 
S  journal  boxes. 
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Bill  of  iron  for  <>> 

Carri 

SIZE    OK    IBOJC. 

CASSIS.                    TOTAL. 

N  CARRIAGE. 

Wide.|   Thick. 

REMARKS. 

hi 

0.375 

o.r. 

0.7.r) 
1. 
1.5 
o_ 

2i375 

3.25 

0.3 

0.75 

1. 

1.25 

1.25 

1.5 

1.G25 


2.5 

3. 

3. 

3.25 

3.5 

5. 

5.5 


In. 
l;  ound 
Hound 
Elound 
Hound 
Round 
Hound 
Round 
Round 
0.3 
0.375 
0.5 
0.2 
0.375 
0.75 
0.125 
0.25 
0.75 
1. 

l  .25 
0.188 
0.2 
0.5 
0.189 
0.188 
0.375 
0.5 


]  draft 

1  draft 


Feel 

•1  25 
.16 

6.16 
35.88 

5. 
1.1 
12 


3.5 


3.08 
2.83 
1.87 


2.3S 

3.33 

6d 

1.50 
1. 


5.83 

.20 


U.S. 

1.56 

.in 

0.05 

93.64 
62.90 

5^135 
10.53 

11. ci 


3.20 


2.5;i 
■1,11 
7.00 


11.71 
22  36 

5.51 
2.35 
2.0  i 


11. Xi 
.HI 


HI'.'. 5-.' 


Feet.      U» 


1.62       1.05 

1.12       1.64 

in.77    2a.lU 


5.60 


12.50 


.16 


0.10 
5.1-.' 


2.33 


7.70 
2.80 


22.61 


3.78 


.20 


.12 

0.  Hi 


15.65 


38.81 
5.9  i 


1  12.75 


28. 


.     117. I'i 


Feel 

1.25 

1.78 

7.28 

46.65 

10.68 

10.6H 

1.12 

.12 

12.50 

3.5 

.10 

::.<  8 
2.83 
1.-7 

.1'.' 
5.42 
2.33 
5.66 

.iii; 
1.50 
I. ii 
7.7D 
8.72 

.2' I 

22.66 

8.75 


Lb 
1.56 

1.15 

121.74 
62.9  i 

111.68 

16.53 

11.01 

3.7s 

.26 

1.11 
7.0-) 
.12 
9.10 
1  1.71 
18.0  I 
5.51 

2.. ■:•') 

2.01 

17.70 

.01 

1  12.75 

b0.85 
83. 


820.01 


Cast  iron. 
Do.... 
Do.... 
Do. . . , 
Do.... 
Do.... 
D 


54. 

1  I. 

1  1. 

446. 


526. 


ISO. 
198. 
92. 


51.5 
1  1.5 
1  I. 

146. 
60. 

198. 

02 


876. 


12. 
2. 

12. 

2 

■II." 

I  lo 

1 

Do 

1  1. 

| 

11. 



44. 

1 

58. 

13.5  in.  for  pintle. 


20.5  in.  for  traverse 
whe< 


2  pieces,  1 1  ft.  I  in. 


Tongue  fork 


[Jed  plate. 

Handle   Ibf  '  ore' 

Roller. 

2  truck  wheels. 

2  wheels. 

2     do. 

Pintle. 
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Bill  of  iron  for  one  42-pdr.  or  one  8-in.  Columbiad  Carriage. 


SIZE     OF     IKON. 


Wide.  I  Thick. 


GUN  CARRIAGE. 


REMARKS. 


III. 
0.375 
0.5 

0.75 

1.0 

1.5 

2. 

■2.375 

3.25 

0.3 

0.75 

1.0 

1.25 

1.25 

1.5 

1.G25 

2.0 

2.0 

2.0 

2. 

2.5 

3.0 

3.0 

3.25 

3.5 

5. 

G. 


In. 
Round. 
Round. 

lioll  11(1. 

Round. 

Round. 
Round. 
Hull  ml. 
Round. 

0.3 

0.375 

0.5 

0.2 

0.375 

1 1. 7.". 

0.125 

(I.'.'.'! 

0.75 
1.0 
1.'-'.'. 
0.188 

0.2 

0.5 

0.188 

0.188 

0.375 

0.5 


1   draft. 
1     do.. 


Cast  iron. 
Do... 
Do... 
Do... 
Do... 
Do... 
Do... 


Cast  brass. 
Do.... 
Do.... 


Feet. 

4.25 

.16 

6.16 

37.54 

10.77 


.l: 


3.5 


3.0S 
2.S3 
L.S7 


2.33 

3.33 

.66 

1.50 
1. 


5.83 
.29 


9.08 


Lbs.      Feet.      Lbs.      Feet.      Lbs 


1.5G 
.in 

9.05 
97.98 
63.43 
52.35 
16.53 
11.01 


3.29 


2.59 

I. II 
7.06 


11.71 

5.54 

2.35 
2.01 


Ll.b9 

.111 


91.52 


i.ci 

1.12 

10.95 


5.66 


12.50 


.16 


.19 
5.42 


2.33 


fcs.08 
2.89 


22.66 


418.06 419.9s 


1.08 

L.64 

28.65 


59.33 


3.78 


.12 
9.10 


15.65 


10.72 
5.90 


142.75 


28. 
83. 


4.25 
L.80 
7.28 

■K.r.2 

10.77 

10.00 

1.12 

.42 

12.50 

3.50 

.16 

3.08 

2.83 

1.87 

.19 

5.42 

2.33 

.66 
1.50 

1.00 

8.0& 

8.72 

.29 

22.GG 
9.08 


1.50 

US 

10.69 

126.63 

63.43 

111.68 

L6  53 

11.61 

3.78 

3.29 

.26 

2.59 

1,11 

7.0G 

.12 

9.10 

11.71 

38.03 

5.54 

2.35 

2.01 

40.72 

17.79 

.64 

112.7-7 

91.52 

28. 
83. 


83S.04 


54.5 
11.5 
11. 

110. 


526. 


60. 

198. 
92. 


350. 


54.5 
1 1 .5 
14. 

440. 
00. 

L98. 
92. 


876. 


12 

2. 

44. 

14. 

44. 

12. 

2. 

4  1. 

58. 


13.5  in.  for  pintle. 


26.5  in.  for  traverse 
wheels. 


2  pieces,  11  ft.  4  in. 

Tongue  fork. 
Tongue. 


Bed  plate. 

Handle  for  screw. 

R  >ller. 

2  truck  wheels. 

2  wheels. 

2       do. 

Pintle. 


Nut  for  screw. 
Pinion  for  screw. 
8  journal  boxes. 


<m 
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Bill  of  iron  for  om   Z4r-pdr.  Howitzer  Casemate  Carriage. 

! 

M/l      .H      IKON. 

,_    ,      1    _         ,         SUNCAKKUSE.          CHASSIS.                     TOTAL. 
\\  I'll',  j     \  DICK. 

REMARKS. 

In. 

0.15 
0.2 
0.5 
0.62 
0.75 
0.b75 
1.0 
1.375 
1.5 
2. 
::. 

3.25 
0.3 
1.0 
1.25 
1.5 
1.5 
1.625 
1.7f> 
2.0 
-Mi 
2.f> 
2.5 
2.5 
2.5 
3.0 
3.25 
3.25 
3.25 
3.25 
6.0 
12.0 


In. 

Round 
Hound, 
Hound 
Round, 
Round. 
Round, 
I ;  i  1 1 1 1 ,  i , 

Hound, 

K  <  Mind. 

Round, 
Round. 
Round. 
0.3 

0.5 

II. 75 

0.375 

0.7.7 

0.125 

1.75 

0.75 

1.0 

o  [89 

0.5 

0.75 

2. 

0.5 

0.188 

0.25 

0.5 

1.0 

0.75 

0.5 


Cast  iron. 
Do... 
Do.., 
Do.., 


Feel.     L!>s.      Feet.     Lbs 


Cast  brass. 

Do.... 
D< 


3.75 

3.08 

1.83 
4.16 

.87 

1 5.92 

1.06 

.50 
2.04 


.42 
1.66 

.17 


.25 
1. 

.27 
1. 

.56 
3.33 

1.02 


.'.  1 3 

.51 

2.72 


0.37 
.32 
2.0] 
L.86 
6.1J 
1.71 

■1 1 .5:. 
5.23 
2.94 

21.35 


11.01 
.50 
.28 


.17 

3.78 

.18 

10.29 

2.92 

22.3S 

L.60 


4.32 

1,17 
1  [.81 


5*67 

1*87 

.75 
2. 1 2 


I. 
1.87 


3.33 

.07 
2.7;. 

1. 

5.25 

1.58 

.S3 


3.73 


11.7!' 

11.01 
7.s- 
19.95 


3.15 

7.07 


22.36 

1.05 
11.55 
27.84 
16.80 
26.46 

2.26 


s.77 
20.16 


238.0<l 


Feet.     I.1-. 


3 
2.33 
3.08 
L.8  : 

0.70 

JB1 

21.50 
1.06 
2.37 
2.70 
2.12 

.-12 
1.66 

.17 
1. 

.2.'. 
2.87 

.27 
1. 

.58 
6.66 
L.69 
2.75 
4.42 
1. 

5.2.7 
3.70 
1.37 
2.72 
5.33 

.5s 
1. 


2.IH 
L.86 
9.84 
1.71 
56.34 

L3.95 

20.20 
49.95 

11.01 
.50 
.28 

,17 

L0.85 

.is 

10.29 

2.92 
14.76 

2.05 
1 1 .55 
27.84 
L6.80 
26.4fi 

7.51 

3.73 
l  1.85 
OS.20 

8.77 
20.10 


454.37 


160. 

200. 
12. 


28. 


372. 


2s. 


160. 

200. 


28 


loo. 


15. 

.5 
12. 

20.5 


15. 

.5 

12. 

•j 

20.5 


Front  transom. 
Rear  transom. 
Roller  for  trail. 
2  traverse  wheels. 


2  rollers. 
2  journal  plates. 
N  nt  for  screw. 
Pinion  lor  screw. 
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1. 

IB 

V 

JC 

e 

_= 

.2 

e 

£ 

H 

c 
J 

Chain.  No.  2 

Rivets  and  nails 

Holts.  No.  3.  and  keys  for  gudgeoi): 

Key  boll 

Bolls,  No.  5,  eye  pin  and  handle. . 

Sheave   holt 

Bolts  for  pulley  block 

Cross  heads  for  pulley  block" 

Collars  for  gudgeons , 

Nuts.  No.  3 , 

Bands 

Nuts,  No.  4 

Hook  tor  pulley  block , 

Washers.  No.  .;! 

Bevel  washer     

Gudgeons  and  points , 

Oval  washers 

Head  straps , 

Straps  lor  pulley  block 

Pry  pole  tongue , 

Journal  boxes 

Tongue  plate 


Three  sheaves  tor  pulley; 


In. 


.375 
.625 

.!■) 

.25 


1.5 

2..r> 

ii..'i 

1.25 

L.5 

1.5 

1. 

2. 


75 


In. 

Hound 

Round 
Bound 
Bound 
Round 
Bound 
Bound 
Roil  iu\ 

0.5 
.625 
.25 

.!'> 
1  . 75 
0.125 

.625 

2 , 

0.125 
.31 


l.7.r) 
0.5 


In. 

12. 
129. 

71. 
10\ 
27. 
16. 
8. 

a.  5 

L6. 

10. 

212. 
5. 
12. 

is. 
.'I . 
29. 
13. 
32. 
30. 
12. 
21. 
lt>. 


Lb: 


157.66 


21. 


1  la  mmered 

Hnmm 
Hammered. 

Brass. 
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Bill  of  iron  for  one  Garrison  or  Casemate  Gfin. 


Wide.  Thick.   Long. 


Weight. 


Key  chains,  No.  1 

Ring 

Rivel  bolts   No.  1 

Pin  lor  clevis  bolt 

Eye  pins ■ 

Bolts,  No.  5,  and  pry  pole  handle.. 

Bolts",  No.  3,  lor  pawls 

Braces  and  clevis 

Clevis  bolt 

Bolt  heads,  No.  5,  and   points  for  \ 

legs J 

Nails,  No.  3 

Nuts.  No.  1 

Keys  for  braces 

Nuts.  No.  3,  and  pawls 

Eyes  for  pulley  blocks 

Keys  for  clevis  bolt 

Nut?,  No.  4 

Hooks  for  blocks 

Washers,  No.  3 

Middle  bands  lor  windlass 

i  !ollars  for  points 

Journals 

Washers  for  handle 

Washers,  No.  5 

End  bands  lor  windlass 

Lower  bands  for  legs 

( iross  beads  for  blocks 

I  pper  bands  for  lejrs 

Partitions  for  blocks 

Straps  for  block's 


In. 

0.15 
0.2 

0..r) 

0.75 

0.875 

1. 

1.25 

1.5 

1 . 75 


0.375 
1 . 

1  .25 
L.25 
1.25 
1.5 
1.5 
1 .  75 


2. 
2, 

3. 

3.25 

3.5 

I. 
■1. 
6. 

S. 
S. 


Two  ratcbete 


Two  journal  boxes 
Five  sheaves 


In. 

Round 
Round 
I;  oiind 
Round 
Round 

I!  iHMIll 

Round 
Round 

Round 

Round 

0.375 

0.5 

0.125 

0.625 

L.25 

0.125 

0.75 

1.75 

0.125 

0.25 

1. 

2. 

0.188 

0.188 

0.25 

0.25 

1.25 

0.25 

0.25 

0.37 


Feet. 

7.5 
2.5 
l  .66 
o.ll 
0.83 

0.70 
22.5 
2.25 

1. 

9.43 
0.16 
1.16 
2.54 
2, 

1.16 
0.75 
L.83 
0.33 
1  1.58 
2. 

1.66 
0.5 
2.16 
5.33 
5.  OS 
2.33 
1.12 
•J.  7  5 


Lbs. 

0.52 
0.27 
1.08 
0.60 
1.66 
8.69 
2.86 
132.52 
L8.02 

41. SS 

I.  12 
0.26 

0.00 

6.65 

10.50 

0.73 

2.b3 

18.83 

0.27 

24.49 

13.44 

22.31 

0.94 

I.  lit 

15.67 

17. mi 

39.1  I 

20.76 

IN.  is 

50.  bi 
180.28 

3'J. 


This  bill  in- 
cludes  tin- 
in  a t  e  rials 
ior  one 
double  and 
one  triple 
pulley 

block. 


Hammered. 


1  laiumered. 


13. 

r,o. 


73. 


<  a>t  iron. 
[  Cast  brass 
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Bill  of  iron  for  one  Sling  Cart. 


Widt 


Pole  prop  chain,  No.  1 

I\  ings,  No.  ) 

Rivets,  No.  2 

Chain,  No.  5,  and  rivets,  No.  3 

Pole  rivets 

Bolts,  No.  1.  chains  &  pole  staple 

Eye  pin,  No.  1 

Holts.  Xos.  2  and  5,  and    rings.  .  . 
Boll  heads.  No.   I.  and  eye  pin*  . 

Screw  handle 

Holt  heads,  No  5 

Nails,  No.  3 

Toggle  for  pole  prop  chain 

Axle    washers,   upper    skeans,  I 
nuts,  No.  2,  and  chain  hook. .  J 

Buys  lor  pole  rivets 

Nuts,  No.  3 

Bolster  hooks 

Axle  hands 

Nuts.  No.  4 

Hook  for  sling  chain 

Axle  hooks 

Pole  prop  ferrule 

Linch  pins 

Washers,  No:  ■'! 

Bands  for  hounds  and  pole 

Brow  bands  for  naves 

Lower  skean  vV  stirrups  (in  part). 

Bridles 

Stirrups  and  pole  straps 

Nuts,  No.  5 

I  pper  skeans. . .   

Nuts,  No.  7 

Washers,  No.  4 

End  hands,  fur  naves 

Lower  axle  skean — body 

Hoisting  screw  (in  one  piece)    .. 

Washers,  No.  5 

Pole   prop  socket 

Socket  of  screw  handle 

Washers,  No.  7 

Washers  Cor  axle  «fc  holster  hooks 

Two  wheel  tires 

Lower  axle  skean — middle  part. 


Bed  plate  for  screw 
Nave  boxes  for  two  win 


Nut  for  hoisting  screw 


In. 
0.15 
0.2 
0.35 
0.375 
0.5 
0.7f> 
0.375 
1. 
1.5 
1.75 
2. 

0.375 
0.5 

1. 

1.125 

1.25 

1.25 

1.3 

1.5 

1.5 

1.5 

1.75 

1.75 

2. 

2. 

2. 

2. 

2. 

2. 

2. 

2.25 
2.5 


Thick    Lou 


3.5 

A. 

4.5 

1.5 
6. 


In. 
Round 
Round 

Round 
Ruun 
Round 
Round 
Round 
Round 
Hound 
Round 
Round 
().37.r) 
1 1. -J.'. 

0.5 

0.25 
0.625 

0.2 

0.75 
1. 
1.5 
0.375 

0.125 
0.25 

0.375 

0.5 

0.625 

0.75 

1. 

0.5 

1.2-'. 

o.i^ 

0.375 

0.5 

3. 

0.188 

0.625 

2.25 

0.25 

0.375 

0.875 

0.5 


Feet 
3.75 
0.31 
0.50 
9.0( 
0.50 

S9.5S 
0. 14 
9.9J 
1. 

5.33 
0.5(1 

12.01 
0.10 

11.25 

0.1S 
0.10 
2.33 

2.50 

1.33 
2.50 
0.66 
0.83 
0.33 

10. 

16.33 

10. 
1  .58 
1.83 
0.66 
0.66 
0.37 
4 .  58 

13.S2 
3.41 
3.  s.3 
0.54 
1.25 
1. 
0.66 
2.33 

50. 
1. 


Weight. 


Lbs 
0.26 
0.03 
0.08 
3.33 
0.3a 

131.68 

0.2S 

25.86 

5.86 

12. 6fl 

5.66 

0.06 

18.90 

0.17 

0.26 
12.23 

2.17 
12.28 

6.70 

is. '.HI 
I.!.'. 

:<.o4 

0.27 

16.80 

41.00 

33.60 

6.63 

24.31 

4.43 

2.49 

3.4'J 

7.19 

43.52 

17.18 

115.81 

1.10 

9.18 

25.88 

2.21 

13.18 

661.00 

10.0b 


REMAKKS. 


1336.S2 


42. 

60. 


102. 


11. 


*Pole  prop. 


lammerei 


Hammered 

Hammered. 
In  4  pieces. 

[  Cast  iron. 
Cast  brass. 
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ARTILLERY    [MPLEMENTS  AND   EQUIPMENTS. 

NOMENCLATURE,  DIMENSIONS,  WEIGHTS. 

Rammer  Heads. 

Rammer  heads  are  made  of  ash.  maple,  birch,  beech,  elm,  gum,  or  other  tough 
woods;  the  head  is  bored  f  of  its  length  with  a  hole  0.25  inch  less  than  the 
diameter  of  the  staff",  which  enters  with  a  tenon.  The  stall  is  driven  into  the 
head  and  fastened  with  a  pin  of  hard  wood  0.3  inch  diameter:  the  neck  has  a 

coppi  r  hand  0.5  inch  wide  and  0.5  inch  thick,  fastened  with  3  copper  nails. 

Rammer  heads  for  howitzers  are  countersunk,  to  receive  the  fuzes,  in  ram- 
ming shells. 

Dimensions. 


42-pounder  gun.  10-inch  sea  coast  howitzer,  and  1 0-inch 
colli  mliiad 

32-pounder  gun,  8-inch  sea  coast  howitzer,  and  8-inch 
col  ii  I  n  liiad 

24-pounder  gun 

18-pounder  gun 

12-pounder  gun,  8-inch  seijre  howitzer,  24-pounder  and 
32-pounder  howitzers,  13-inch  and  10-inch  mortars 
( heavy) 

6-pounder  gun,  12-pounder  field  howitzer.  10-inch  mor- 
tar (light),  8-inch  mortar  and  stone  mortar 


DIAMETER. 


Body. 

Neck. 

In. 

In. 

C.13 

3. 

5.6 

3. 

5.1 

3. 

4.64 

3. 

1. 

2.5 

3.24 

2.5 

KM 


«  II  .!•.    IV.   -IMPLEMENTS    AND    EQUIPMENTS. 


Sponge  Heads. 

Diameter   I  inch  less  than  the  calibre  of  the  piece;  this  is  the   size  required 
for  the  wove  woollen  sponge. 


lO-i  in- li  columbiad.  •  ,!',       ', 

I  Chamber 

c  •     .       ,       ill  Bore 

S-inch  col mad .  ■  <-,,       , 

(  Chamber 

42-pounder  gun  and  1 0-inch  sea  coast  howitzer 

3'2-ponnder  gun  ■uxl  8-inch  >'■;(  coast  howitzer 

24-pounder  gun 

18-pounder  gun 

12-pounder  gun,  S-inch   siege   howitzer,  24-pounder  and 

32-pdr.  howitzers,  13-inch   and  L0-inch  mortars  (heavy) 
6-pounder   gnu,    12-f>ounder    howitzer,   10-indh    mortar 

(light),  8-inch  morlar  and  stone  mortar 


Length. 

D 

ameter. 

In. 

In. 

S. 

9. 

S. 

7. 

b. 

7. 

s,. 

5.  1 

8. 

6.0 

v,  # 

5.4 

8. 

1.8 

8. 

4.3 

7.5 

3.C 

7.5 

•2.1 

Sponge  heads  are  made  of  elm  or  poplar,  etc.  The  bead  is  bored  n  ol  its 
length,  with  a  hole  0.25  inch  less  than  the  body  of  the  staff,  which  is  inserted 
with  a  tenon  and  fastened  by  2  bard  wood  pins  0.3  inch  diameter. 


Sponges. 

Sponges  are  made  of  coarse,  well-twisted  woollen  yarn,  woven  into  a  warp 
of  strong  hemp  or  llax  thread,  after  the  manner  of  Brussels  carpel  j  the  loops 
are  0.75  inch  long. 

They  are  woven  in  webs  with  selvages  between  them;  which  being  cut)  the 
sponges  arc  sewed  to  lit  formers  of  tlie  same  dimensions  as  the  sponge  heads. 
One  end  of  the  sponge  is  drawn  together  with  strong  twine,  and  a  t u It  of  wool- 
len yarn  is  inserted  at  the  centre  of  the  gather  or  folds;  a  circular  piece  of  strong 
canvass  is  stitched  inside  of  the  bottom;  the  other  end,  after  receiving  the 
sponge  head,  is  nailed  to  it  around  the  staff  with  6  copper  n arils,  1  inch  long;  3 
copper  naila  should  also  be  driveu  into  the  bottom  of  the  sponge,  to  secure  it  to 
the  head. 

Similar  sponges  are  made  by  working  the  yarn  with  needles  into  canvass 
bags,  hut  the  wove  sponges  are  equally  good  and  less  expensive. 

Sponges  are  likewise  made  of  sheep  skin  alum-dressed,  with  the  wool  on  ; 
but  they  are  inferior  to  those  made  of  yarn. 

For  dimensions  of  sponges,  see  table  of  sponge  heads. 


NOMENCLATURE,    DIMENSIONS,    WEIGHTS. 
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Sponge  Covers. 

They  are  made  of  Russia  chicle  or  canvass,  painted  the  same  color  as  the  gun 
carriage. 

The  lengths  are : 

For  the    6-pounder  sponge 9  inches. 

For  the  12-pounder  and  18-pounder  sponge 11  inches. 

For  the  24-pounder,  32-pounder,  and  12-pounder  sponge 12  inches. 

The  interior  diameter  is  equal  to  the  calibre  of  the  piece.  A  hem  0.5  inch 
vide  around  the  top.  receives  a  cord  O.'J  inch  diameter,  by  which  the  mouth  is 
drawn  together  and  tied  around  the  sponge  stall";  a  loop  of  canvass  0.7")  inch 
wide  is  sewed  on  the  end  of  the  cover,  to  draw  it  oil'  by. 

The  covers  are  marked  in  white,  with  the  calibre  of  the  gun. 

Ladle  Heads. 


DIMENSIONS. 


42-pdr. 


32-pdr.     24-pdr.      IB-pdr.      12-pdr. 


Whole  length 

r  Above  the  shoulder. 

Diameters.-!  Below  the  shoulder. 


(  Neclc 


In. 

7. 
6.7 
6.6 
3. 


In. 

6.4 
6.1 
6. 

3. 


In. 

5.S 
5.5 
5.4 
3. 


In. 

5.3 
5. 
4.9 
3. 


In. 

4.6 
4.3 
1.2 

2.5 


Ladle  heads  are  made  of  the  same  kinds  of  wood,  and  are  fastened  to  the  staves 
in  the  same  manner,  as  rammer  heads. 

Rammer,  ladle,  and  sponge  heads  should  be  saturated,  when  new,  with  linseed 
oil,  to  prevent  splitting  from  alternate  wetting- and  drying  in  service. 


Ladles. 

Ladles  are  used  for  siege,  garrison,  and  sea-coast  guns  only.     They  are  mafle 
of  sheet  copper,  No.  18. 


DIMENSIONS. 


42-pdr. 


Whole  length 

Length  of  band,  developed 

Width  of  scoop,  developed 

Width  of  band  (included  in  whole 
length) 


In. 

10.5 

20.75 

14. 

2.5 


32-pdr. 


24-pdr. 


In. 

15.35 
18.85 

12.  S 

2.5 


In. 

14.1 

16.95 

11.6 

2.5 


lS-pdr. 


In. 

13.1 
15.4 
10.6 

2.5 


12-pdr. 


In. 

11.2 

13.2 
9.2 

2.0 


100 
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Toward  the  n th  of  the  ladle  the  copper  is  spread  ;i  little,  so  as  to  Increase 

the  diameter  ol  the  ladle  0.3  inch.;  the  corners  are  rounded  with  a  radius  of  from 
*J  inches  to  3. •>  inches.  To  stifle n  tin*  ladle,  the  copper  i>  planishtd,  after  being 
benl  and  i>r;izfti.  The  ladle  is  attached  to  i  he  head  by  6  to  I ')  coppt  r  nails,  1  inch 
long,  driven  in  two  rows  around  the  body,  about  1  inch  apart. 

Worms. 


DIMENSIONS. 


Siege  and 
garrison. 


Field. 


Length  of  socket  and  neck 

Length  of  one  branch  from  neck  to  point  (developed J 

Depth  of  socket 

Exterior  diameter  of  socket  at  top 

Diameter  of  neck 

Thickness  of  the  iron  of  the  socket 

Diameter  of  branches  at  the  neck  (tapering  to  a  point)  .... 

Length  Of  socket  and  worm,  complete 

Diameter  of  worm  ci  mplete  (exterior  circle) 

i  Length 

Size  of  iron  for  worms  .  .      Width 

[Thickness 

Weight  of  worm Il>s 


In. 


In. 


6. 

13. 

4.3 

1.5 

1.75 

1.5 

0.8 

(1.7 

0 . 1 25 

o.l  25 

0.6 

0.5 

9. 

I. 

3. 

7. 

(i. 

3. 

3. 

0.5 

0.5 

1.75 

1.5 

The  stall'  is  pointed   to   fit  the  conical  form  of  the  socket,  driven  in  hard,  and 
fastened  by  2  i><>n  rivets  0.25  inch  diameter. 


Staves. 

Staves  for  implements  are  made  of  tough  ash. 

The  diameter  of  the  tenon  is  0Y25  inch  less  than  that  of  the  stall';  its  length,  3 
of  that  of  the  head  into  which  it  is  inserted. 

For  tield  guns,  field  and  siege  howitzers  ami  mortars,  the  rammer  ami  sponge 
heads  are  on  the  same  stall':  for  other  pieces,  on  separate  staves. 

For  the  coehorn  mortar,  the  body  of  Hie  staff  forms  the  rammer  and  sponge 
head. 
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Dimension  for  Implements. 


LKNG  I'll.   INCLUDING    T!   ' 

- 

- 

i-       E 

Q    - 

z  — 

:    - 

d,    0 
03 

- 

—  - 

fc£ 

42-pounder  -  -  mi 

32-pounder  sea  coasl  g  mi  

24-pounder  siege  and  garrison  gun. 

L8-pounder  siege  an«l  garrison  gun. 

'ii  gun. 

10-inch  columbiad  •-,'',    '    ',  ' ' 
i  i  bamber 

,       .       ..  j       Bore 

I   l    bamber  .  .  .  . 

10-inch  sea  coasl  howitzer 

8-inch  sea  coasl  howitzer 


»-inrh  siege  howitzer 

24-pounder  casemate  howitzer 

12  pounder  field   gun;    32-pounder  and 

24-pounder  field  howitzers 

6-pounder   field    gun,   and    12-pounder 

field  howitzer 

13-inch  and  10-inch  heavy  mortars 

10-inch  light  mortar:  8-inch  mortar,  and 

stone  mortar 

2 l-pounder  c  whom  mortar 


In. 

1.7 
1.7 
1.7 
1.7 
1.7 
1.7 
1.7 
1.7 
1.7 
1.7 
l.7£ 

1.5 


In. 


5  125. 

5  125, 
5   125. 

5  1 1 5 
5  \S< 
5  115 
5  125 
5  125 
05 


1.5 


1.5 
1.5 


In. 

125.66 
125.86 
126.07 
126.23 
126.17 

125.66 

125.86 

125.66 
105.86 


In. 

111.66 
113.01 
113.47 
115.43 
117.36 


51.67 


73.17 

39.07 


1.5  30.17 

1.5  18. 


In. 


■ 


07. 5 


For  other  cannon  than  those  of  the  patterns  described  in  Chapter  1,  staves 
may  be  made  of  such  a  length  that  the  finished  implement  shall  be  IS  inches 
longer  than  l he  bore  of  the  piece. 
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/.     jths  and  weights  of  Finished  Implements. 


WEIGH  1. 

£ 

-C 

0 

v 

:i 

th 

E 

u 

= 

o 

*o 

0 

- 

J 

■/. 

- 

- 

42-pounder  sea  coasl  'jun 

32-pounder  sea  coasl  gun 

24-pounder  siege  and  garrison  jznn 

18-pounder  siege  and  garrison  gun 

12-pounder  siege  and  garrison  .gun 

I  Sponge  for  bore 
10-incli  coluinbiad.  -  Sponge  for  chamber 

I   I! . ( 1 1 1 1 m i • r 

I  Sponge  for  bore 
S-inch  columbiad.     Sponge  for  chamber 

l  Etam me r 

10-inch  sea  coast  howitzer 

S-incli  sea  coast  howitzer 


^-iiic  h  siege  howitzer 

2  I -pounder  casemate  howitzer 

12-pounder  Held  gun;  32-pdr.Y Sponge  and 

and  24-pounder  field  bowit-J      rammer.. 

zer (  Worm 

„  ,  ..  , ,  ,  f  Sponge  and 

G-iMMinder      field      gun      and        ' 

in  )       ■•    i  i  i  .  S       rammer.  . 

L2-pounder  field  howitzer...  ]  „. 

1  (    Worm 

13-inch  and  LO-inch  heavy  mortars 

10-inch  light,  i-tnch  and  stone  mortal's 

2 1  -pounder  coehorn  mortar 


In. 

1 28 . 
r>. 
1 2S . 
128. 
1 28 . 
I  18. 
128. 
1 28 . 
I  is. 
128. 
128. 
L28. 
L28. 


56. 

SO. 

95. 

87. 

77. 
7'.'. 
I  I. 
31. 

is. 


Lbs. 

L0.25 

10. 
9.65 
8.7 
7.8 

12. 

11. 


10.25 
10. 


in.'.-: 
8.5 


Lbs. 

8.4 
8.15 

S. 
7.35 


9.75 


s.l 

9.75 

7. 


3.7 

5. 

5.S 

1.6 
a. 2 

2. 
0.8 


Lbs. 

13.75 
13.15 
12.1 
10. 

7.S 


Lbs. 


7.5 


■1.25 
3.G 


Plank  for  100  Implement  Staves. 

•— 

o    . 

V  -M 

=   K 
3    — 

S5 

DIMENSIONS. 

CONTENTS. 

KIND. 

Width. 

Thick- 

Length. 

.      |        lotal. 
plank.  I 

Siege  and  garrison. . . 
r-.  , ,        (  12-poun'der 

1'ield  ...         ,.  ' 

(    6-pounder 


Sup.  ft.  Sap.  ft. 

25.661  430.22 
15.49  263.33 
12.761  216.92 
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Bills  of  timber  for  100  Implement  Heads. 


RAMMER    HEADS. 

SPO 

.GE    HEADS. 

LADLE    HEADS. 

KIND. 

7r 

r-5 

</■' 

c 
11 
a 
o 
o 

eg 
9 
— 
CO 

bi) 
C 
V 

00 

e 
o 
U 

c 
eu 

/ 

B 
V 

5 
a 

In. 

Feet. 

Sup.fi. 

In. 

Feet. 

Sup. ft. 

In. 

Feet. 

Sup.A. 

42-pounder .... 

6.625 

66 

211.40 

6.5 

72 

•25.1.5 

7.25 

66 

2S9.09 

32-pounder.. . . 

6.125 

60 

187.58 

6. 

72 

216.0 

6.5 

00 

'.'I  i  .95 

24-pounder.. . . 

5.75 

53 

1 16.02 

5.25 

72 

165.37 

6. 

53 

159.0 

18-pounder .... 

5.125 

50 

L09. l! 

1 . 7-r> 

72 

135.37 

5.5 

50 

126.04 

12-pounder.. . . 

4.5 

50 

84.37 

1 . 1 25 

68 

96.42 

4.75 

50 

94.01 

6-pounder.. . . 

3.75 

40 

16.81 

3.25 

08 

59.85 

Handspikes. 

Trail  Handspike,  for  field  carriages  (hickory,  young  oak):  whole  length  53 
inches — the  largt  end  rounded,  diameter  2.2  inches;  largest  diameter  3  inches — 
the  small e?id,  diameter  1.5  inch — the  stop.  iron,  projecting  0.3  inch;  distance  from 
the  large  end  to  the  farthest  side  of  the  stop  9  inches;  the  stein  clinched  in  '.he 
wood  and  liled  down  smooth— the  strap,  iron,  fastened  by  1  rivet;  the  middle  of 
it  9  inches  from  the  small  end — the  ring,  round  iron,  1.5  inch  diameter. 

Manoeuvring  Handspike,  for  garrison  and  sea  coast  carriages  and  for  gins 
(hickory,  young  oak).  Whole  length  66  inches  ;  length  of  the  .st[ii<ir<  19  inches  j 
chamfered  part  (8  square)  12  inches;  the  remainder  round.  Diameter  at  the 
upper  end  1.8  inch  —  upper  end  of  the  square,  3  inches — lower  end,  2.36  inches. 
For  siege  service  and  other  heavy  work-,  the  handspike  is  made  84  inches  long — 
weight  12  lbs. 

Shod  HANDSPIKE.  Upper  end  1.75  inch  diameter;  the  lower  end  of  the  round 
part,  2.5  inches — square  2.5  inches  by  3  inches.  The  end  rounded  on  one  side, 
and  shod  with  an  iron  shoe  fastened  with  3  rivets.  Length  of  round  part  4 
feet — square  14  inches  It  is  particularly  useful  in  the  service  of  mortars  and 
of  casemate  and  barbette  carriages. 

Truck  Handspike,  for  casemate  carriages  (wrought  iron),  whole  length  42 
inches— point,  conical,  4  inches;  body,  cylindrical,  12  inches;  the  handle  round. 
Diameter  at  the  ends  1.1  inch — body  1.4  inch. 

Roller  Handspike  lor  casemate  carriages.  It  is  made  of  1  inch  round  iron; 
the  point  conical,  1.5  inch  long,  tapered  to  0.S5  inch  diameter — whole  length  34 
inches. 
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Linstock  fash  or  oak);  length  of  wood  31.5  inches — diameter  of  head  1.8  inch  — 
a  hole  0.75  ir.i  li  diameter  L.5  inch  below  the  lopj  the  lower  end  pointed  ami  shod 

with  iron. 

Port-fire  stock.  The  portfire  socket  made  of  cast  brass  2.75  inches  long: 
socket  0.75  inch  diameter,  with  a  circular  plate  in  the  bottom;  a  stud  at  the  t«  >p 
for  a  thumb  screw  :  1.25  inch  of  the  lower  |>urt  forms  the  stock  socket,  in  whi«  h 
the  stock  is  secured  with  1  rivet — the  thumb  screw,  to  bold  the  port-fire,  the  end 
riveted  inside;  the  hook,  8  inches  from  the  top,  to  bang  in  the  loop  of  the  port- 
fire case— the  v/or/  (ash  or  oak),  22.5  inches  long;  diameter  !  inch.  Whole 
length  24  inches. 

Pass  Box  (white  pine,  0.75  inch  thick)— interior  dimensions  7  inches  square 
by  14  inches  long;  one  side  turns  on  2  hinges,  and  is  fastened  with  a  brass  hook 
and  a  staple — a  wooden  karidlt  is  set  diagonally  on  one  end. 

Budge  Barrel,  for  use  in   forts  and  batteries;  a  0.4    inch   thick— 

boltoi/i  (oak)  in  1  or  2  pieces,  0.1  inch  thick — 1  /loops  (sheet  copper,  No. 
Is  inches  long,  1.1  inch  wide,  and  confined  to  the  barrel  each  by  5  rivets  0.2  inch 
thick;  they  are  joined  by  2  rivets,  or  brazed  together — height  of  barrel 
inches;  exterior  diameter  at  ends,  L3  inches;  at  bilge.  1">  inches— cover  (bag 
leather)  1*5  inches  high  and  40  inches  wide,  secured  to  the  barrel  under  the  upper 
hoop  by  5  nails,  and  by  the  5  rivets  through  the  hoop — 2  cords  O.tj  inch  thick.  6 
feet  long,  passing  through  holes  in  the  cover  at  1.5  inch  from  the  top,  to  draw 
the  mouth  together;  the  ends  of  the  cords  pass  through  a  cap  or  hood  9  inches 
deep,  sliding  on  the  cords. 

Gx  wkr's  Haversack  (hag  leather):  2  sides  13  inches  high,  13  inches  wide  at 
botiom,  14  inches  at  top  of  flap — end  and  bottom  gussets  5  inches  wide— ■flap  s 
inches  deep,  with  a  strop  7  inches  long  passing  through"  a  buckle  sewed  to  the 
front  side — shoulder  belt  1.5  inch  wide,  one  part  12  inches  long,  with  a  buckle 
and  hop;    the  other,  36  inches  long. 

Port-FIRE  Case  (sole  leather):  to  contain  12  port-fires;  length  of  ease  15.6 
inches;  interior  diameter  2.75  inches — cover  5.8  inches  high,  with  two  loops  lor 
the  belt — 1  loop  on  the  cover  and  1  on  the  case,  for  port-lire  stock' — belt.  1  inch 
wide  with  a  buckle  and  strap  like  that  of  the  haversack,  and  a  pocket  for  the 
port-tii e  cutters  ;  length  of  long  strap,  55  inches,  short  strap  28  inches  j  the  straps 
are  sewed  on  the  case  so  as  to  he  below  the  top  when  the  case  is  empty. 

TURE  Pouch:  the  sides  4.25  inches  high,  7.2.r)  inches  long — 2  cin/<  0.9  inch 
wide  at  bottom,  2  inches  at  top--the  inner  cover — ihe  flap,  8  inches  deep,  with 
its  strap,  and  brass  button  attached  to  the  bottom  of  the  pouch — 2  loops  lor  the 
belt  to  pass  through— the  belt,  1  ..'17  inch  wide  and  12  inches  long,  with  a  buckle 
and  Ion])  at  one  end.  The  priming  wire  and  gunner's  gimlet  are  carried  with  the 
tube  pouch  in  the  loops,  attached  by  a  twine,  or  in  small  loops  on  the  inside  oi 
the  flap. 

PRIMING  Horn:  the  /torn  about  13  inches  long.  3  inches  diameter,  at  the  bot- 
tom, and    1    inch    at  the   Deck— the  bottom   (poplar  or  ash)  1   inch  thick,  hollowed 
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out  on  the  exterior  for  the  convenience  of  tilling:,  having  a  hole  0.7.r>  inch  diame- 
ter, with  a  screw  />'».'/  in  the  centre— the  stopper,  a  conical  piece  of  wood,  mean 
diameter  0.4  inch.  Instead  of  the  stopper  the  horn  may  have  a  brass-mouth- 
piece, closed  by  a  valve,  which  is  held  fast  by  a  spring.  The  yintp  (leather)  1 
inch  wide  and  18  inches  long,  sewed  to  the  neck  ol  the  screw  ping  in  the  bot- 
tom, and  to  the  neck  of  the  horn,  or  to  a  ring  on  the  brass  monlh-piece.  The 
horn  should  contain  at  least  1  lb.  of  powder. 

Priming  Wire:  iron  wire  0.75  inch  diameter,  formed  with  a  ring  2  inches 
diameter  at  the  head,  and  pointed;  length  of  stem,  for  siege  and  garrison  guns, 

II   inches  :    length  fir  tield  guns,  8  inches. 

Gunner's  Gimlet,  like  the  priming  wire,  terminating  in  a  gimlet  point. 

Vent  Punch:  the  body  (steel  wire)  0.175  inch  diameter.  4.3  inches  long- 
head 0.175  inch  thick,  1  inch  octagonal,  with  a  hole  0.2  inch  diameter  in  the 
middle. 

Thumbstall  (buckskin) :  cushion,  stuffed  with  hair,  2.5  inches  long.  1  inch 
thiclc — the  strap  3  inches  Ion- — the  string  12  inches. 

Pokt-FIRE  Cutter  :  blades  (steel)  2.37  inches  long,  with  a  notch  1  inch  long  and 
0.4  inch  deep  in  one  ol'  them.  1  inch  from  the  joint — handles  with  hows  2  inches 
by  1  inch — whole  length  7  inches. 

Tangent  Scale  (sheet  brass,  Xo.  13)';  flange  0.5  inch  wide,  cut  to  lit  the  base 
ring  of  the  piece:  upper  edge  cut  into  notches  for  each  .{  degree  elevation. 


Table  of   Tangent  Scales  for  Field   Ghins  and  'Howitzers. 


ELEVATION. 


6-pdr. 


12-pdr. 


HOWITZERS. 


12-pdr. 


24-pclr.     I      32-pdr. 


In. 

In. 

In. 

In. 

In. 

1°  15' 

0.256 

0.333 

0.252 

0.289 

0.331 

oo 

1.025 

1.334 

0.945 

1.13s 

1.310 

3° 

2.051 

2.670 

1.870 

2.271 

2.618 

4° 

3.077 

1.006 

2.791 

3.400 

3.920 

Pendulum  Hausse,  or  tangent  scale. 

The  scale  is  made  of  sheet  brass.  Xo.  13.     At  the  lower  end  is  a  brass  bulb, 

filled  with  lead.  The  slider  is  of  thin  brass,  and  is  retained  in  any  desired  posi- 
tion on  the  scale  by  means  of  a  brass  set  screw  with  a  milled  head.  The  scale 
is  passed  through  a  slit  in'n  piece  ol  steel,  with  which  it  is  connected  by  a  brass 
screw,  forming  a  pivot  on  which  the  scale  can  vibrate  laterally:  tin's  slit  is  made 
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lough  to  allow  the  scale  to  lake  a  vertical  position  in  any  ordinary  cases 
of  Inequality  of  the  ground  >>n  which  the  wheels  of  tin-  carriage  may  stand. 
The  ends  of  tin-  piece  of  steel  form  two  journals,  by  means  of  which  the  scale 
Is  supported  on  1 1  ■  < -  seat  attached  to  the  [fun,  and  is  at  liberty  i"  vibrate  in  the 
direction  >>i  the  a\;s  of  the  piece. 

Tin-  seal  is  <>f  iron-  and  ia  fastened  to  the  base  of  tin-  breech  by  '■>  nrewa,  in 
such  a  manner  that  the  centres  «t  tl><"  two  journal  notches  shall  beat  a  distance 
from  the  avi-  equal  to  the  radius  of  the  base  ring. 

A  muz:/>  ml.'//',  of  iron,  is  Bcrewed  into  the  swell  of  the  muzzle  of  mns,  <>r 
Into  the  middle  of  the  muzzle  ring  of  howitzers.  The  height  of  tin's  sight  is 
equal  t"  the  dispart  "i  the  piece,  so  that  n  line  from  the  lop  of  the  n  uzzle  sight 
id  the  pivot  of  the  tangent  scale  is  parallel  to  the  axis  of  the  piece;  consequently, 
the  vertical  plane  ol  sight  passing  through  the  centre  line  of  the  scale  and  the 
t i > l>  of  the  muzzle  sight,  will  be  also  parallel  to  the  axis,  in  any  position  of  the 
the  tangent  -rah-  will,  therefore,  always  indicate  correctly  the  angle 
which  the  plane  of  sight  makes  with  the  axis. 

The  seat   for  suspending  the  hausse  <>n  the  gun  is  adapted   in   each  piece, 

according  to  the  varying  inclination  of  the  base  of  the  breech  to  the  axis.    The 

hausse,  the  seat   and  the  muzzle  Bight,  are  marked  for  the  kind  of  gun  to  which 

they  belong.    Tin-   hausse,  when   not  in   use,  is  earned  in  a  leather  pouch  sus- 

I  to  a  shoulder  strap. 

graduations  on  the  Bcale  are  die  tangents  of  each  quarter  of  a  degree,  to 
a  radius  equal  i"  the  d  stance  between  the  muzzle  sight  and  the  centre  of  the 
journal  notches,  w  huh  are.  in  all  cases,  one  inch  in  rear  of  the  base  ring. 
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Tangent  scales  for  Pendulum  Hausses  for  field  guns  and  howitzers. 


FOR    SUNS. 


6-pdr. 


12-pilr. 


FOR    HOWITZERS. 


12-pdr.     24-pdr.      32-pdr. 


Radius  of  1 
base  ring. } 

In. 
5.15 

In. 
6.5 

In. 
5.0 

In. 
6.0 

In. 
6.9 

Dis|iart .... 

1.025 

1.33 

0.0 

1.125 

1.3 

Height    o 
sight. 

f    muzzle 

Tang.      1° 

1.042 

1.349 

0.031 

1.128 

1.310 

2° 

2.0S4 

2.699 

1.862 

2.275 

2.621 

3° 

3.124 

4.016 

2.792 

3.112 

3.933 

4° 

4.161 

5.392 

3.722 

4..r)is 

5.248 

5° 

5.203 

6.737 

4.650 

5.t. >3 

6.566 

Gunner's  Perpendicular.  This  is  made  of  sheet  brass  ;  the  lower  part  is  cut 
in  the  form  of  a  crescent,  the  points  of  which  are  made  of  steel  ;  a  small  spirit 
level  is  fastened  to  one  side  of  the  plate,  parallel  to  the  line  joining  the  points  of 
the  crescent,  and  a  slider  is  fastened  to  the  same  side  of  the  plate,  perpendicular 
to  the  axis  of  the  level.  The  instrument  is  useful  in  marking  the  points  of  sight 
on  siege  guns  and  mortars  when  the  platform  is  not  perfectly  level. 

Cannon  Lock.     Midden's  patent. 

The  seat  is  of  cast  brass;  it  is  attached  to  the  gun,  on  the  left  side  of  the  vent, 
by  means  of  two  steel  steady  pins  and  one  screw  pin,  if  the  gun  has  no  lock 
piece;  a  small  brass  roller  is  set  into  the  rear  end  of  the  seat  for  the  lanyard  to 
pass  round. 

The  hammer  is  of  brass,  with  a  cone  of  hardened  steel  screwed  into  the  headj 
and  fastened  by  a  rivet  ;  the  hole  for  the  pin  on  which  the  hammer  turns  is 
oblong,  so  that  the  head  of  the  hammer  is  drawn  back  by  the  same  pull  of  the 
lanyard  which  causes  it  first  to  strike  the  primer  on  the  vent. 

The  lanyard  is  a  piece  of  sash  cord  .25  in.  thick  and  6  feet  long;  one  end  is 
secured  to  the  shank  of  the  hammer  by  a  knot;  the  other  end  carries  an  iron 
toggle,  which  serves  for  a  handle,  and  also  for  a  wrench  to  turn  the  screw  pin 
that  fastens  the  lock  to  the  gun. 

Kor  guns  that  have  lock  pieces,  the  seat  of  the  lock  is  made  with  a  flange  to  fit 
the  side  of  the  lock  piece,  to  which  it   is  fastened  by  two  bolts,  with  thumb  nuts- 

Lock  Cover.     It  is  made  of  black  bridle  or  harness  leather.     The  cap  which 
covers  the  lock  is  7  in.  long,  3  in.  wide,  and  3  in.  high.     Two  billets  and  two 
buckle  straps,  with  black  buckles,  fasten   it  on  the  gun  ;  the  length  of  the  straps 
being  proportioned  to  the  diameter  of  the  piece. 
8 
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\  i  •.  i  C  iVBB,  for  field  pieces  without  locks  (leather);  G  inches  long,  4  inches 
\vnli-.  with  a  ciifi'tr  pin  riveted  to  it.  0.175  inch  diameter,  and  2  inches  long;  2 
;  im-h  wiilc,  with  buckles.    The  length  of  the  strap  varies  with  the  size 
piece,     [n  permanent  batteries  sheet  lead  may  be  used  lor  vent  covers. 

the  handle,  upper  end  slightly  rounded,  the  eup2.]  inches 
diameter;  depth,  0.8  inch.     Whole  length,  '■•>  i>>  6  inches. 

I"i  /.v.  Mallet  (dogwood  or  oak),  in  one  piece;  head,  5.5  inches  long,  1  inches 
diameter;  l«indl<  7.-">  inches  long.  1.25  inch  diameter. 
Ft  /r.  Saw  (tenon  saw);  10  inch  blade. 
Fuze  Rasp;  12  inch  wood  rasp. 

l'i  ZE  ADOBE,  for  boring  out  the  composition  to  any  required  depth.  Bit  0.2  inch 
diameter,  sliding  in  a  brass  socket  graduated  to  lOths  of  an  inch,  and  held  by  a 

thumb  screw  in  tin-  side  ;   lunnllc,  of  hard  wood. 

Poze  GlMLET;  common  gimlet,  0.2:  used  for  boring  across  the  composition 
Instead  ol  sawing  off  the  fuze. 

Shell-plug  Schew  (iron) ;  stem  3  inches  long,  cut  with  a  deep,  sharp  thread; 
I w  2  i ncbea  in  diameter. 

I  r/K-ii.i  a  Reamer.  A  conical  steel  reamer,  for  reaming  the  holes  for  paper 
fuses  in  the  wooden  fuze  plugs. 

Fuze  Extractor.  The  inner  screw  and  its  stem  are  made  of  steel,  and  riveted 
into  the  handle,  winch  is  of  iron.  The  stem  is  contained  in  a  hollow  screw  of 
Steel,  which  is  winked  up  and  down  by  means  of  an  iron  nut  with  two  handles; 
the  screw  being  prevented  from  turning  by  a  slot  and  a  feather  in  the  frame  ;  the 
nut  il  kepi  in  place  by  I  iron  set  SCTtWS,  llie  points  of  which  enter  into  a  groove 
in  ibe  nui.    The  frame  is  of  cast  brass. 

In  iisin-  this  fuze  extractor,  the  inner  stem  is  screwed  into  the  fuze  or  plug 
to  be  extracted  by  means  of  the  upper  handle,  and  it  is  lifted  out  by  turning  the 

mil  ol   the  hollow  screw. 

GuriMEB  s  Pincers.  Made  of  iron,  with  steel  jaws  |  inch  wide:  whole  length 
10W  inches. 

i  it's  CALLIPERS.     Made  of  sheet  brass,  with  steel  points.  The  graduations 
show  the  diameters  o|  •;  mis  and  of  shot,  linear  inches,  degrees  of  the  circle,  etc. 

Gubnek's  Qi'ahrant  (wood  j:  a  graduated  quadrant  ofG  inches  radius  attached 
to  a  rule  23.5  inches  long.  It  has  B  plumb  line  and  bob.  which  are  carried,  when 
not  in  use,  iii  a  hole  in  the  end  of  the  rule,  covered  by  a  brass  plate. 

Maul,  for  driving  pickets  ;  head  (elm  or  hickory)  G  inches  diameter,  b  inches 
long;  handle  (ash)  1}  Inch  diameter,  24  inches  long,  with  an  iron  band  on  each 
end,  1  inch  wide.  1  inch  thick. 

Poin  i  iv.  U'niK,  for  mortars  (iron  wire,  No.  7)  ;  20  inches  long. 

Quoin,  for  siege  mortars  (oak);  length,  19.5  inches ;  height,  7.S5  inches;  han- 
dle, t)  inches  long. 

t,  for  casemate  carriage:  small  wedge,  with  a  handle  on  one  side. 

I'i.i  HMET,  for  mortars  ;    line  and  bob. 
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Scraper,  for  do.  (iron) ;  handle  0.5  inch  by  0.3  inch  square,  27  inches  long;  one 
end  formed  like  a  xpno/i ;  the  oilier,  a  scraper. 

Spatula,  for  mortars  (ash  or  hickory);  /inutile,  16.5  inches  long;  blade,  6 
inches;  square  end.  3  inches  long. 

Splints  (white  pine);  6  inches  long;  0.25  inch  thick  at  the  large  end.  1  inch 
wide. 

Wiper,  for  the  chambers  of  mortars  ;  tow  cloth.  1  yard  square. 

Gunner's  Sleeve,  for  mortars  (serge  or  flannel). 

Basket,  for  mortar  implements  :  of  strong  wicker  work,  IS  inches  in  diameter. 
12  inches  deep. 

Tarpaulins  are  made  of  two  sizes:  large,  15  by  12  feet;  small,  5  feet  square. 
For  the  manner  of  painting  them,  see  Chapter  VII, 

ToMPIONS.  for  8-inch  siege  howitzers  and  mortars,  and  10-inch  mortar. 

Broom,  for  mortar  batteries  (hickory  or  birch). 

Shell  Hooks  (iron)  ;  2  branches,  0.5  inch  diameter,  in  shape  of  an  5,  joined  by 
a  rivet]  upper  end  of  the  branches  connected  by  2  small  rings,  1.25  inch  diame- 
ter, and  1  large  ring,  3.4  inches  diameter;  straight  points,  to  insert  into  the  ears 
of  the  shell,  0.5  inch  diameter,  0.75  inch  long;  whole  length  of  branches,  12.4s 
inches, 

Tow  Hook  (ironj  ;  ban  tile.  0.1  inch  diameter,  13  inches  long;  hovA\  1  inch  ;  the 
other  end  forms  a  hammer,  0.(3  inch  diameter,  2  inches  long. 

Used  for  unpacking  limber  chest. 

Funnel,  for  lilling  shells  (copper  or  tin) :  diameter  of funnel  3.3  inches  :  diame- 
ter of  pipe  0.7  inch  ;  length  of  pipe.  2  inches. 

Powder  Measures.  They  are  made  of  sheet  copper,  from  No.  16  to  No.  20. 
The  bottom  is  made  with  a  flange  .1  inch  deep,  turned  downwards,  and  it  is 
brazed  or  soldered  to  the  sides. 


in; 
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Interior  dimension  s  of  cylindrical  Powder  Measures. 


(\>n1< 

III*. 

Diameter 
ami  height. 

Conl< 

•ills. 

Diameter- 
n  i»«  1   height. 

(>/. 

In. 

Lbs. 

(IZ. 

In. 

(1 

1 

1.337 

2 

0 

1.240 

(1 

2 

l  .685 

2 

B 

4.571 

(I 

1 

2.122 

3 

0 

1.857 

0 

i 

2.673 

4 

0 

5.346 

1 

0 

3.36S 

4 

s 

5.560 

1 

i 

3.62S 

6 

0 

6.  L20 

1 

8 

3.855 

8 

0 

*    (i.730 

.  3.5  inch  hemp  rope  of  4  strands;  on  one  end.  a  toggle  and  3  round 
finis  in  a  thimble  1  on  the  other  end,  a  hook  and  thimble;  from  the  end  of  the 
hook  to  the  centre  of  1st  ring,  31  inches;  from  centre  of  1st  to  centre  of  2d 
feel  ;  from  centre  of  2d  ring  to  end  of  toggle,  10  feet.  Whole  length  of 
prolonge,  26  feel  ~  inches;  the  toggle,  of  round  iron  0  75  inch  diameter,  7.5 
inches  long,  with  an  eye  in  the  centre,  toggle  rings  of  0.5  inch  round  iron  :  the 
rniL  that  enters  ihe  thimble  i>  .'i  inches,  the  other  two  2.75  inches  exterior  diam- 
eter j   hook,   5.5    inches    long;    ei/e   of  0.5   inch    round    iron,   exterior   diameter,   2.5 

inches;  body  of  hook,  0.75  inch  diameter  tapering  to  a  point;  thimbles,  1.1  inch 
diameter ;  prolonge  rings  of  0.6  inch  round  iron,  1.5  by  3.5  inches;  the 
concave  Battened  part  that  is  lashed  to  the  rope  is  2  inches  hum-,  lashed  with 
marl  ine. 

Sponge  llri  m;t.  for  field  gun  carriages.  It  is  made  of  sheet  iron,  No.  13;  the 
top  and  bottom  arc  turned  over  the  sides,  and  fastened  each  by  four  rivets.  Di- 
ameter. 7.b  inches  ;    height,  9  inches. 

The  float  is  of  wood,  fastened  by  two  rivets  to  a  cross  bar;  it  is  put  in  before 
the  top  is  fastened  on.    The  handle  of  the  float  is  fastened  to  it  with  two  rivets, 

and  it  is  connected  with  the  bail  of  the  bucket  by  B  chain.  The  bail  is  fastened 
to  the  bucket  by  two  ears,  each  held  by  three  rivets.  A  toggle,  which  is  fastened 
tO  the  bail  by  two  links  and  a  swivel,  serves  to  attach  the  bucket  to  the  eye  of 
the  axle  strap  on  the  gun  carriage. 

Tar  Bucket.  The  bucket  is  made  of  sheet  iron,  No.  13,  like  the  sponge  bucket. 
The  cover  \-  fastened  to  the  top  by  a  rivet  on  which  it  turns,  and  it  is  kept 
closed  by  shutting  over  a  stud  riveted  into  the  top.  The  ears  arc  fastened  to  the 
bucket  each  by  three  rivets)  a  ring-,  for  suspending  the  bucket  on  its  ho.de,  is 
connected  w  ith  the  ears  by  two  chains.  Diameter  of  bucket,  7.2  inches  ;  height, 
8  inches. 

Water   Bucket,   for   the   travelling   forge.     The  staves  and   the  bottom  are  of 
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oak;  there  are  sixteen  slaves,  and  the  hottnm  is  made  of  not  more  than  two 
pieces.  Three  hoops,  made  of  hoop  iron.  No.  J6;  each  hoop  is  joined  together 
with  two  rivets,  No.  Land  fastened  to  the  bucket  with  two  rivets.  Two  ears 
let  into  the  sides,  and  fastened  each  l>y  one  rivet.  The  bail  has  a  link  connected 
with  it  by  a  swivel.  Diameter  at  top  11  inches;  bottom  10. "J;')  inches;  b< 
inches. 

Water  BdCKBT,  for  garrison  service.  It  is  made  in  a  similar  manner  with  the 
preceding,  except  that  the  hail  has  no  link  and  swivel  attached  to  it.  Diameter 
at  top  10.25  inches  :  bottom.  13.5  inches;  height  11  inches. 

Watering  Bucket,  for  field  service,  made  of  sole  leather.  The  bottom  isoftwo 
thicknesses,  fastened  to  each  other  with  25  copper  rivets,  and  to  the  sides  with 
61  rivets  j  the  side  seams  fastened  witl     28  >,  all  0.5  inch  long.     A  rim  of 

sheet  copper,  No.  24,  is  fastened  on  the   upper  edge  with  1  I  copper  rivet* 
for  the  bail,  fastened   each  with   4   rivets,  0.62  inch   long.     The  bail  is  of  round 
iron  0.5  inch  thick.     Interior  diameter  of  the  bucket  at  top  12  inches;  at  bottom, 
10  inches  :   height  9  inches. 

SHOVEL — blaa\  sheet  iron,  pointed  with  steel — length  12  inches:  width  10.5 
inches — handle  (ash)  1.5  inch  thick  at  bottom,  and  1.25  inch  at  top;  length  45 
inches — ring,  1.5  inch  diameter,  secured  by  a  strap  to  the  handle  at  'J  inches 
from  the  upper  end. 

Pickaxe:  iron,  pointed  at  both  ends  with  steel — length  of  each  blade  6.5 
inches:  width  of  edge  of  axe  3  inches — handle  (hickoryi  about  1.5  inch  by  1.25 
inch,  and  30  inches  long. 

Felling  Axe — blade  with  steel  e^ge.  length  7.25  incl  es  :  width  of  top  3.5  inches. 
of  edge  4.75  inches  ;  thickness  at  top  0.75  inch,  at  the  eye  1.25  inch  ;  sixe  of  the 
eye  2.25  inches  by  0.75  inch — handle  (hickory)  27  inches  long. 

Hand  Dili,,  or  Bill  Hook;  (iron  with  steel  edges) — blade,  whole  length  8.25 
inches:  width  in  the  middle  3  inches,  near  the  shank  2.7  inches:  thickness 
0.25  inch — hook  1  inch  long — shank  8  inches  long — handle  (hickory)  7.5  inches 
long. 

Drag  Rote:  4  inch  rope  28  feet  long,  with  a  thimble  worked  in  a  loop  at  one 
end,  and  a  thimble  and  hook  SA  the  other  end — 6  handles,  wood.  12  inches  long, 
1.5  inch  in  diameter,  fastened  in  the  rope  at  the  distance  of  4  feet  apart,  and  at 
the  same  distance  from  the  ends  of  the  rope. 

Men's  Harness;  4  inch  rope  IS  feel  long,  with  thimbles  and  a  hook  like  the  drag 
rope — instead  of  handles,  10  loops  made  of  strips  of  bag  leather  5  feet  long,  2.75 
inches  wide,  are  fastened  to  the  rope  in  pairs,  each  pair  being  secured  in  place 
by  two  knots  worked  on  the  rope  :  the  first  pair  of  loops  at  3  feet  from  the  hook: 
the  others,  at  a  distance  of  3J  feet  apart. 

Screw  Jack:  lor  field  service.  The  stand  (cast  iron);  the  hoisting  *cr<  n-  ;  the 
nut:  2  handles;  the  cr//<  plate,  fastened  on  the  top  of  the  stand  by  4  screws. 
Height  of  the  stand  19  inches;  length  of  screw  15  inches;  handles  7.25  inches 
each. 


IIS 
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Weight*  of  Implements  and  Equipments. 


Weight. 


Weight. 


f4S-pdr., 
|  32-pdr. . 
!  24-pdr.. 

"  "    i  18-pdr.. 

j  12-pdr.. 

I    6-pdr. . 

J42-pdr., 
Sponge  covers....    j   G.pdr#, 

Tr;nl  handspike 

M  a  noeu  v  ring  handspike 

Shod    handspike    and    long  I 
man  a  nvring  handspike  . .  j 

Truck  handspike 

it  oiler  handspike 

Linstock 

Port-fire  Block 

Pass  box 

Budge  barrel 

« in r's  hai  ersack 

Port-fire  case 

Tube  pouch 

Priming  horn . 

Priming  wire 

i  runner  -  gimlet 

Vent  punch . 

Thurabotall 

Port-fire  cutler 

Tangent  scale 

Pendulum  hausse  and  case. . 

Cannon  lock 

Lock  cover 

Vent  cover 

I.  luyard  for  i riction  primers. 

Fuze  setter 

Fuze  mallet 

Fuze  saw 

Fuze  rasi 

Fuse  auger  

Fuze  gimlet 

Shell  plug  screw 


Lbs. 

0.7 

0.65 

0,5 

n.  I 

0.35 

0.25 

0.28 

o.l  l 

7 .  25 

8.25 

,.,   | 

18.5 
7. 
0.9 
0.65 

15.5 

1 .86 

1  .  55 

i).1.'.". 

0.86 

0.08 

0.08 

0.08 

0.003 

0.77 

0.21 

0.65 

2.75 

0.9 

o.  15 

0.10 

2.6fi 

'J.  7.', 

0.7.7 

0.7.7 

0.3 

0.1 

0.31 


Fuze  plug  reamer 

Fuze  extractor 

Gunner's  pincers 

i ;  ii  liner's  callipers 

<  l  inner'*  quadrant,  wood  . . 

(in nner's  perpendicular . . . . 

Maul 

Point ing  wire 

Quoin,  for  siege  mortars  . . . 

Ohocl 

Plummet 

Scraper 

Spatula 

Splint 

( ;  miner'.-,  sleeve 

Basket 

.„          ..  f  Small, 

tarpaulins |  Large 

,.  i    B-inch 

Mortar tompions..  j  ,(1||u.h 

Broom  ( hickory) 

Shell   hOOks 

Tow  hooks 

Funnel 

]  l  o/.  . 

hi  8  oz  . 

Pov  der  measures .    <  .  .. 

l.'MI-s! 

Prolonge 

Sponge  bucket  

Tar  bucket 

\\  ater  bucket,  wood 

Watering  bucket,  leather.  •  • 

Shovel 

Pickaxe 

Felling  axe 

Hand  bill 

1  trag  rope 

Men's  harness 

Screw  jack 


U.S. 

0.3 
3.53 

O.s.-, 

0.5 
0.8<l 

0.G 

10. 

o.os 

7. 

1.1 

1. 

2.3 

0.75 

0.03 

0.25 

4. 

9. 

r.i . 

5. 

7. 

3.75 

2, 

0.6 
0.32 

0.3 
0.5 
0.75 
1.6 
18. 

10. 

7. 

10. 

8. 

4.75 

0.5 

(i. 

2. 

Hi.  5 
23. 
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Preservation  and  arrangement  in  Store. 

Implements  collected  together  according  to  kind  and  calibre,  in  a  dry  place, 
arranged  on  shelves  or  racks,  in  bundles  or  bunches,  or  in  boxes,  according  to 
their  nature,  with  marks  and  labels  showing  t lie  kind  and  number  of  the  articles. 

Sponges,  rammers,  ladle*  and  worm*  complete,  placed  on  pins  in  a  vertical 
frame,  or  suspended  vertically  or  horizontally  by  racks  or  hooks,  from  the  joists, 
supported  so  as  not  to  bend.  When  in  separate  parts,  the  headt  piled  on  shelves 
or  on  the  floor,  and  the  stores  tied  up  in  bundles,  according  to  kind  and  calibre. 

The  woollen  sponges  should  be  preserved  from  moths  by  means  of  camphor, 
pepper,  etc.,  or  by  being  sealed  up  in  strong  paper  bags. 

Handspikes,  in  square  piles,  heads  and  points  alternating. 

Leather  equipments — hung  on  pins  or  hooks,  in  dry  and  cool  rooms. 

All  wood  painted,  except  tool  handles.  Iron  either  painted  or  oiled — See 
Chapter  VII. 

Sappers'  and  miners'  tools,  arranged  in  piles,  the  iron  coated  with  varnish — See 
Chapter  VII. 


Chapter    Finn 


ARTILLEK?   HARNESS.— Plate  13. 

The  construction  of  the  field  carriages  requires  a  harness  different,  in  some 
respects,  from  that  of  common  wagons.  The  limber  having  no  sweep  bar,  the 
pole  is  supported  directly  by  the  wheel  horses,  by  means  of  a  chain  which  con- 
nects the  hames  with  the  pole  yoke  of  the  limber;  and,  in  order  to  diminish  the 
weight  at  the  end  of  the  pole,  the  leading  bars  are  dispensed  with,  the  traces  of 
the  leaders  being  attached  to  those  of  the  wheel  horses. 

The  same  harness  is  perfectly  adapted,  also,  to  the  siege  carriages  ;  but.  as 
these  are  arranged  for  draught  in  the  ordinary  manner,  common  wagon  harness 
may  be  used  with  them  if  necessary. 

lilarl;  leather  is  used  for  the  harness  when  not  otherwise  specified.  It  should 
be  of  the  best  quality,  and  the  strongest  leather  is  selected  for  the  parts  which 
are  exposed  to  the  greatest  strain,  such  as  traces  and  breeching.  The  leather 
is  sewed  with  strong  waxed  thread,  in  double  stitch,  with  about  eight  stitches  to 
the  inch.  The  seam  along  an  edge  is  0.1  -r>  inch  or  0.2  inch  from  the  edge.  The 
awls  should  be  small  for  the  thread.  The  ends  of  the  thread  should  be  well 
fastened  before  they  are  cut  ofi'. 

Straps,  or  other  pieces  which  have  buckles  or  iron  hoops  attached  to  them,  are 
generally  doubled  on  a  length  equal  to  twice  their  width,  1o  receive  the  buckle 
or  loop,  which  is  fastened  by  two  seams.     The  double  end  is  shaved  down. 

Standing  loops  are  placed  close  to  the  buckles.  Their  ends  are  shaved  down, 
brought  together,  and  fastened  between  the  two  parts  of  the  strap,  if  it  is 
doubled. 

The  tongue  holes  for  buckles  are  made  with  a  punch  corresponding  to  the  size 
of  the  tongue.  Their  distance  apart  is  generally  equal  to  the  width  of  the  strap 
and  the  first  hole  is  at  double  that  distance  from  the  end  of  the  strap.  This  end 
is  shaved  down  and  reduced  in  width,  to  facilitate  its  entrance  into  the  buckle. 

The  buckles,  loops,  rings,  and  hooks  are  of  wrought  iron,  japanned  (black). 
The  buckles  are  all  made  with  rollers. 

Note. — A  layer  is  a  piece  of  leather  sewed  upon  another  piece,  to  strengthen  it. 

A  chape  is  a  piece  used  to  fasten  a  buckle  or  a  loop  to  a  strap,  or  other  piece 
of  leather. 
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A  billet  is  a  Btrap  which  enters  a  buckle. 

A  safe  is  a  piece  of  leather  placed  under  a  buckle,  etc.,  to  prevent  it  from 
chafing. 

Head  Gear. 

The  head  gear  is  made  flf  strong,  black  bridle  leather,  not  less  than  0.1  inch 
thick. 

Halter — One  crown  piece,  having-  a  billet  at  each  end,  for  the  buckles  of  the 
cheek  straps. 

Two  cheek  straps.  Each  of  them  is  sewed  to  a  square  iron  loop  and  has  at 
the  upper  end  a  buckle,  with  one  standing  and  one  sliding  loop. 

One  brow  bund,  having  a  loop  at  each  end,  through  which  the  crown   piece 

passes. 

One  nosi  band,  sewed  to  the  same  loop  as  the  cheek  straps. 

Two cfcin  straps.  They  are  doubled,  and  are  sewed  to  the  loops  of  the  cheek 
straps,  and  also  to  another  square  iron  loop  in  rear. 

One  throat  "trap.  It  is  made  double,  and  sewed  to  the  last  mentioned  iron 
loop;  its  upper  end  is  formed  into  a  loop  to  receive  the  throat  lash. 

One  throat  /axji,  with  one  buckle,  one  standing  and  one  sliding  loop  on  the  left 
side.     It  passes  through  the  loops  in  the  brow  band  and  the  throat  strap. 

One  chain  (common  halter  chain).  It  consists  of  about  (j5  links,  No.  1.  con- 
nected by  two  rings  and  a  swivel.  It  is  fastened  by  a  ring  to  the  loop  which 
connects  the  chain  straps  of  the  halter.  The  other  end  of  the  chain  has  a  toggle 
and  a  loose  ring,  to  hitch  with.     Whole  length  of  chain,  4£  feet. 

BbiSLX. — One  crown  piece.  It  is  split  at  each  end,  so  as  to  form,  at  one  end, 
two  billets  f'oi-  the  buckles  of  the  cheek  straps,  and  at  the  other,  one  billet  and  one 
buckle  strap,  with  a  buckle  and  a  standing  loop  for  the  throat  lash. 

One  brum  band,  formed  into  a  loop  at  each  end,  for  the  crown  piece  to  pass 
through. 

Two  cheek  ntraj>s.  Each  of  them  is  sewed  at  the  lower  end  into  an  iron  loop, 
and  has  at  the  upper  end  a  buckle,  with  one  standing  and  one  sliding  loop,  to 
I  I8ten  it  to  the  crown  piece.  Two  billets,  for  attaching  the  bit  to  the  loops  of  the 
cheek  straps.     Each  billet  has  a  bilclcle,  with  one  standing  and  one  sliding  loop. 

Two  n  i ns.  Bach  rein  is  sewed  to  a  billet,  which  has  a  buckle,  a  standing  and 
a  slidiii'j  loop,  tor  attaching  it  to  the  bit.  The  short  rein  is  on  the  near  side,  and 
has  a  buckle,  a  Handing  and  a  sliding  loop,  for  the  billet  of  the  long  rein. 

The  Hit.  It  is  made  of  iron,  tinned.  The  bars  are  riveted  into  the  cheek 
purrs.  There  should  lie  different  degrees  of  severity  in  the  curve  of  the  port 
mouth.  The  width  of  the  bit,  between  the  cheeks,  also  varies  for  three  sizes, 
viz:  Al  inch,  l>  inch,  and  5J  inch  ;  about  three-fifths  being  of  the  medium  size. 

The  curb  chain  consists  of  19  links,  diminishing  in  size  from  the  middle 
toward  each  end.  It  is  attached  by  an  S.  to  the  right  cheek  piece,  and  by  a  hook 
to  the  left. 


SADDLES.  123 


Driver's  Saddle. 

Wood.  The  frame  of  the  tree  is  made  of  beech,  and  consists  of  the  pommel, 
the  caritle,  and  two  si,le  bars,  which  are  notched  into  the  pommel  and  cantle. 
The  frame  is  covered  with  canvas,  which  is  glued  on  and  painted. 

Iron.  Two  pommel  plates.  The  upper  one  is  fastened  by  six  rivers,  passing 
through  both  plates  ;  the  lower  one  by  two  additional  rivets  in  each  end,  one  of 
which  holds  one  end  of  the  stirrup  bar.  One  eantle  plate,  fastened  on  the  under 
side  of  the  cantle  and  the  side  bars  by  ten  rivets. 

Two  stirrup  bars.  The  front  end  fastened  to  the  pommel  by  one  of  the  rivets 
of  the  lower  pommel  plate;  the  rear  end  fastened  to  the  side  bar  by  one  rivtt. 
The  stay  is  formed  of  a  piece  of  iron  bent  round  the  stirrup  bar,  and  fastened  to 
the  side  bar  by  one  rivet.  There  is  a  roller  on  each  side  of  the  stay,  for  the 
Stirrup  and  girth  billets  to  pass  over. 

Two  loops,  with  rollers;  one  fastened  to  the  pommel,  the  other  to  the  cantle, 
by  two  of  the  rivets  which  hold  the  plates.  The  saddle  tree  is  covered  with 
hemp  webbing  and  strong  low  linen,  stretched  on  and  nailed  to  the  tree. 

Leather.  The  seat  is  covered  with  black  upper  leather,  and  stuffed  with  deer's 
hair.  Two  skirt*  are  sewed,  with  welts,  to  the  cover  of  the  seat.  Two  iron 
loops,  for  holster  straps,  are  fastened  to  the  front  of  the  saddle  by  leather  loops 
which  pass  through  slits  in  the  skirts,  and  are  nailed  to  the  tree. 

Two  inner  skirts,  i  r  Haps,  nailed  to  the  side  bars,  protect  the  pad  from  being 
dialed  by  the  stirrup  and  girth  leathers.  The  pad  is  made  of  russet  sheep  skin, 
lined  with  strong  linen,  and  faced  with  black  sheep  skin  ;  it  is  stulled  with  deer's 
hair,  and  quilted. 

Two  iron  loops,  for  cloak  straps,  are  fastened  by  leather  loops,  which  are  nailed 
to  the  under  side  of  the  cantle. 

One  billet,  for  the  collar  strap,  is  sewed  to  the  upper  loop  on  the  pommel. 

Two  girth  billets,  and  two  billets  for  the  trace  loops,  are  sewed  on  the  stirrup 
bars,  behind  the  middle  stay. 

Two  stin  up  leathers  pass  over  the  stirrup  bars  in  front  of  the  stay;  the  buckle, 
with  one  standing  and  one  sliding  loop,  is  sewed  to  the  thin  end  of  the  strap, 
which  is  doubled  and  stitched,  on  a  length  of  8  inches,  where  it  passes  through 
the  eye  of  the  stirrup. 

The  girth  is  of  thick  black  leather.  It  has  a  buckle  and  a  standing  loop  fas- 
tened to  each  end  by  a  layer. 

The  pommel  and  the  cantle  are  plated  with  sheet  brass,  No.  20,  fastened  with 
brass  tacks. 

Valise  Saddle. 

Wood.  The  frame  of  the  tree  is  made  like  that  of  the  driver's  saddle,  except 
in  its  dimensions. 


1  J  I  CHAP.   v.  —  ARTILLERY    HARNESS. 

[bos.   -The  lots  r  pomnut  plaU    is   fastened   by  ten  rivets,  six   of  which  also 
hold  the  upper  plate,     These  plates  have  holes  in  them  Cor  the  shank  of  the  bri- 
dle hook.    The  hole  iii  the  upper  plate  is  square ;  thai  in  the  lower,  round. 
.//.  j,intr  i-  fastened  under  the  cantle  with  eight  rivets. 

The  hook  for  the  rein-  is  fastened  to  the  lop  of  the  pommel  by  a  nut.  The  end 
of  the  slunk  should  I"-  riveted  over  the  nut. 

■"/>-.  for  the  collar  strap  and  the  crupper,  are  fastened  to  the  | imel 

and  cantle,  as  in  the  driver's  saddle.  Four  oval  rings,  for  the  valise  snap-,  are 
fastened  by  staples  which  are  driven  into  the  tree;  two  of  them  in  tin'  side  bars, 
ami  two  in  the  eantle. 

I.i  vini'.n.  The  seat  and  the  pad  are  formed  as  in  the  driver's  saddle,  but  the 
scat  i-  not  stufTed.  The  skirts  are  joined  in  a  similar  manner  to  the  cover  ot 
i  In-  seat. 

The  girth  is  ol  leather,  and  is  sewed  to  the  oil' skirt  of  the  saddle ;  it  has  a 
buckle  and  two  loops,  fastened  to  it  by  a  layer.  A  billet  for  the  girth  is  sewed  to 
tin-  near  skirt. 

Two  billets,  lor  the  trace  loops,  pass  through  the  skirts,  and  are  nailed  to  the 

side   liars. 

Two  valisi  straps,  each  with  a  buckle,  a  standing  ami  a  sliding  /"<■/<. 

A  h'tii, i  for  the  collar  strap  is  sewed  to  the  iron  loop  on  the  pommel. 
The  crupper  strap  is  double.     It  is  sewed  to  the  iron  loop  on  the  cantle,  and 
tber  loop,  wilh  a  roller,  attached  to  the  rear  end,  lor  the  back  Strap  ol'  the 
Crupper  to  pass  through,  SO  that  the  same  crupper  may  lit  both  saddles. 


Valise. 

The  valise  is  made  of  black  bridle  leather,  and  lined  with  cotton  ticking.    The 

lining  i-  pa-led  to  the  inside  Of  the  valise  ;  it  is  s^wed  round  the  borders  of  the 
outer  cover,  forming  a  pocket  which  has  an  opening  in  the  middle.  The  inner 
!/<!/•  is  held  down  by  a  strap  passing  through  six  staples  of  iron  wire,  No.  1'-',  and 
fastened  by  a  buckle  and  a  loop;  a  strip  of  leather  is  stitched  over  the  inner  ends 
oi'  the  staples. 

Tl  e  ends  of  the  valise  are  double. 

The  cover  i-  fastened  down  by  three  billets  ami  three  buckle  straps  and  loops. 
Tin-  handles  are  ol'  leather,  rounded  ami  sewed  into  the  ends.  Two  loops,  1  inch 
wide,  for  tin;  valise  straps  to  pass  through,  arc  sewed  td  the  bottom  of  the  valise. 

Whip. 

The  stock  i-  "I'  hickory  or  ol'  raw  hide,  about  ,'i!)  inches  long.  It  is  covered 
with  braided  leather.     A  loop  for  the  hand  is  fastened  to  the  bull  ol'  the  whip. 

The  leather  should  be  well  fastened  together  at  the  small  end.  A  lash  ut 
thread  is  tied  on,  and  not  plaited  in  with  the  leather. 
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Leg  Guard. 

The  body  is  made  of  stout  kip  leather;  two  layers  are  stitched  to  the  upper 
and  lower  parts.  The  under  strap,  to  pass  under  the  foot,  is  sewed  to  the  bot- 
toni  Four  leg  strap*,  each  with  a  buckle  and  a  l»q>.  are  fastened  to  the  body 
of  the  leg  guard,  under  the  plate.  The  billet  ends  of  these  straps  pass  through 
slits  in  the  body. 

The;>fafe  is  of  iron  0.1  inch  thick,  and  is  fastened  to  the  body  With  five  rivets. 

.Y  ..v  Bag. 

The  bottom  is  made  of  still'  leather,  tl  inches  diameter  and  4  inches  deep,  to 
which  a  bag  of  strong  linen  is  sewed.  Width  of  bag  at  the  lop.  15  inches; 
whole  height,  1">  inches.  The  head  strap.  1  inch  Wide,  has  a  buckle  strap  6 
inches  long,  and  a  billet  31  inches  long,  sewed  to  the  bag. 

Draught  Harness. 

Thf.  Collar.  The  run  is  made  of  bridle  leather,  and  stuffed  with  uncut  rye 
straw.  The  belly,  made  of  upper  leather,  in  two  pieces,  is  stuffed  with  straw 
cut  into  pieces  not  longer  than  1  inch.  The  collars  are  of  2  sizes.  17  and  20 
inches  ;  they  are  made  open  at  the  top.  and  the  size  is  further  varied  by  two 
bucklt  straps  and  two  billets  sewed  to  the  open  ends.  A  pa<l,  made  of  black 
sheep  skin,  stuffed  with  deer's  hair,  protects  the  neck  of  the  horse  from  being 
chafed  by  these  straps. 

The  HaMEs  are  made  of  iron,  and  painted  black.  The  branches  have  studs 
forged  on  them  to  receive  the  bolts  of  the  joint  loops  for  the  trace  lugs;  these 
loops  turn  freely  on  the  bolts.  Two  links,  for  supporting  the  breast  strap,  are 
welded  into  the  eyes  of  the  bolts. 

Two  rings,  for  the  trussing  straps,  are  welded  into  the  rectangular  eyes  at  the 
upper  ends  of  the  branches.  The  branches  are  joined  together,  at  the  lower 
ends,  by  a  clasp  which  is  made  fast  to  the  oil  branch.  The  chain  and  toayle,  for 
connecting  the  pole  yoke  with  the  haines,  are  fastened  to  the  names  clasp. 

Two  leather  safes  are  sewed  round  the  branches,  under  the  joint  loops,  to  pro- 
tect the  collar  from  being  (dialed  by  the  trace  tugs. 

Two  trace  tugs,  made  of  four  layers  of  leather,  0.03  inch  thick,  are  stitched 
into  the  joint  loops  and  into  two  loop  rings  through  which  the  traces  pass. 

Two  trussing  straps,  each  with  one  buckle,  one  standing  and  one  sliding  loop, 
pass  through  the  rings  in  the  upper  ends  of  the  hames.  They  are  used  for 
trussing  up  the  harness. 

One  liame  strap,  with  a  buckle  and  two  loops,  connects  the  two  branches 
together  at  the  lop. 
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One  toltar  ttrap,  having  one  bucJtU  and  one  hop,  passes  round  the  hames 
■trap.  :< ii<1  la  buckled  to  the  billet  on  the  pommel  of  the  saddle,  to  keep  the  collar 
in  plai 

Tin:  Tn*.  i  -.  for  the  wheel  and  the  leading  harness,  are  alike,  except  in  I  he 
length  ol   the  leather  part. 

The  leather  tmcr  is  made  of  three  layers  of  leather,  making  a  thickness  of 
i,.     An  iron  loop  is  fastened  to  each  end  with  three  rivets, Q.^S)  inch  thick. 

The  truer  chain*  are  made  of  iron  0.3  inch  diameter.  The  front  chain  has 
five  IniLx  and  a  toggle.  The  rear  ehain  has  fourteen  links,  four  rings  (oval),  and 
a  toggle. 

Tun  trace  loops.  The  loop  is  formed  by  doubling  the  leather.  It  has  at  the 
upper  end  a  buckle  and  a  standing  Ion/,,  by  means  of  which  it  is  connected  with 
the  billet  on  tin-  saddle.  At  the  lower  end  of  each  trace  loop  is  an  iron  loop,  to 
which  the  bellyband  is  sewed.  The  bellyband  is  made  in  two  parts,  one  being 
a  billet,  ami  the  other  having  a  buckle  and  a  standing  loop. 

One  loin  strap,  for  supporting  the  traces.  It  is  the  same  for  the  wheel  and  the 
leading  harness,  except  in  length.  A  layer  is  sewed  under  the  middle  of  the 
wheel  loin  strap,  tunning  a  loop  through  which  the  back  strap  of  the  crupper 
passes.  Each  end  of  the  loin  strap  is  buckled  into  a  loop,  like  those  just  de- 
Bcribed,  through  which  the  trace  passes. 

Tin:  Cm  iii  it.  The  dock  is  made  of  a  piece  of  leather,  .'!.;">  inches  wide  and 
14  inches  lung,  which  is  doubled  and  rounded,  without  being  Stuffed.  A  buckle 
and  a  standing  loop  are  sewed  to  each  end.  The  body  of  the  crupper  is  split,  at 
li,,.  rear  end,  into  two  billets  which  connect  it  with  the  buckles  of  the  dock. 
At  the  Other  end  are  a  Inn/,/.-  and  four  loops  lor  the  billet  of  the  back  strap.  A 
|  0  inches  long,  i-  sewed  on  the  body,  leaving  an  opening  lor  the  hip  strap 
to  pas-  through  ;  ■>  short  layer  is  inserted  under  the  first,  in  rear  ot  this  opening. 
The  back  strap  is  sewed  in  under  the  lirst  layer  in  front  of  the  opening  for  the 
hip  strap.  The  back  strap,  passing  through  the  loop  in  the  middle  of  the  loin 
strap,  and  through  the  iron  crupper  loop  on  the  saddle,  returns  to  the  buckle  on 
the  body  ol  the  crupper.  A  sliding  /<■"/>  holds  the  two  parts  together,  near  the 
saddle. 

Breeching. 

The  I, null  strap  is  made  of  thick  harness  leather.  A  Inyr,  also  of  stout 
leather,  i-  stitched  on  the  outside  of  the  strap.  A  buckle  and  three  standing 
I, ,,.],„  are  fastened,  at  each  end,  by  both  these  pieces  ol  leather,  which  are 
turned  back  three  or  four  inches  and  stitched  down.  Two  iron  loops  are  fast- 
ened by  chapes  sewed  to  the  breech  strap. 

1  i  in-  tugs,  lor  the  hip  straps,  are  fastened  to  the  breech  strap  ;  two  of  them  in 
the  buckles,  and  two  in  the  iron  loops.  These  lugs  are  made  double,  and  have 
each  a  buckU  ami  three  standing  loops  attached  to  them.  A  safe  is  sewed  to  the 
inside  of  each  tug.  to  prevent  it  from  dialing  the  horse. 
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The  hip  ttrti/i  is  made  in  one  piece,  split  at  each  end  into  two  billets  which 
buckles  into  the  tugs  of  the  breech  strap. 

The  breast  strap  is  made  of  three  layers  put  together  in  such  a  manner  as  to 
make  the  strap  0.63  inch  thick  in  (he  middle,  and  0.5  inch  at  the  ends,  where  it 
is  buckled  to  the  breech  strap.  The  breast  strap  is  supported  by  the  iron  loops 
on  the  names,  and  by  the  trace  loops  attached  to  the  saddle.  An  iron  loop,  with 
an  eye  for  the  pole  chain  hook,  slides  on  the  middle  part  of  the  breast  strap;  it 
is  covered  with  leather,  to  prevent  it  from  charing  the  strap. 

The  pole  chain  hook  is  like  the  trace  hook  of  the  limber;  it  is  welded  into  the 
eye  of  the  sliding  loop,  and  forms  a  direct  connection  between  the  poie  and  the 
breeching,  independently  of  the  collar  and  names. 


Harness  required  for  each  horse. 
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Plate  13  represents  the  harness  of  each  horse  complete.  It  shows  the  man- 
ner in  which  the  parts  are  put  together,  and  also  the  manner  of  hitching  the 
horses  to  the  carriage. 
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Dimensions  of  the  "principal  leather  parts  of  artillery  harness,  with 
the  number  and  size  of  buckles. 


£ 

-^ 

— 

— 

13 

125 

£ 

Cm. 


F  i  n  - 
ished 


(  Crown  piece  . . 
|  ( Sheek  straps. , 
j  Brow  band,  t . 
Haltek.  -j  Nose  hand  . . . 
I  Chin  straps  • . 
|  Throat  strap  . , 
[  Throat  lash  . . 


Bridle 


f  Crown  piece "| 

Throat  lash J 

Brow  band 

( Sheek  straps 

Bit  billets 

r>     •  (  Ion"- 

Reins,  ,    . 

|  short 

[  Billets  lor  reins 


f  Flaps 

I  Skirls 

, .  •       Billet  for  collar  strap 

Driver  to.....,,  ,  ■ 

1  HI  111   billets 

Saddle.      .,,  ,         ■  .,■  . 

1  race  loop  billets  •  •  • 

Stirrup  leathers 

[Girth 


Valisk 
Saddle. 


[  Skirts 

I  Girth  billet 

|  Girth 

■|  Trace  loop  billets.  .  .  . 

I  Billet  for  collar  strap 
I  Crupper  strap 

I   Valise  straps 


f Body 

I  Ends 

{  l  ii ii«- r  Bap 

Valise.     |  Strap  lor  Hap 

I  '  lover 

I    Buckle  straps 

I  Billets  for  buckle  straps 


In. 

In. 

1.25 

30 . 

1.25 

12.5 

1.25 

21. 

1  .25 

18.5 

]  .25 

12. 

1.20 

13.5 

1. 

44. 

1.75 

)  .... 

Mi 

.75 

(.... 

1. 

23. 

1. 

12.5 

1. 

12. 

1. 

60. 

1. 

42. 

1. 

9. 

7. 

14. 

15.5 

24.5 

1.25 

10. 

1.25 

17. 

1 .25 

17. 

1.5 

64. 

2.5 

45. 

1  1. 

15. 

2 . 5 

26. 

2.5 

11. 

1.25 

lb. 

1.25 

10. 

l  .25 

11. 

1. 

37. 

18. 

75. 

6.25 

7.25 

4. 

16. 

.88 

18. 

.10 

20.3 

.88 

4. 

.88 

7.5 

In. 

30. 
8. 
15: 

11. 
5.25 
(5.25 

42. 

31. 

42. 
Hi. 

8. 

9. 
CO. 
40. 

9. 


8. 
15. 
15. 
56. 

45. 

15. 
2G. 
41. 
18. 

8. 

5. 
35. 


2. 
7.5 


No.    Width 
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Table  of  Dimensions — -Continued. 


BlCKLKS. 


Cut. 


Fin- 
ished. 


No.    Width 


(Body 

Leg  Guard.  \  Foot  strap 

(  Letr  straps 

f  Collar  billets 

,*,  I  Trace   tuirs 

Collar  and      t. 

Hames.  ,,  D,       ■ 

|  Hames    Mrap 

[Collar    strap 

r  Wheel  traces 

[  Leading:   traces 

Trace    loops 

Traces  and       „   ,,   ,       ,  ( 

,,  J  Be   v»aiHl • 

blKAPS.  j 

f  wheel 

I  ,  |  leadiuir 

I  Loin  straps.  ■ 

^  K       |  layer 

[  loop* 

f Dock  

n  j  Body  

Crupper.        J.  T      *     ,      .     , 

|  Layer   lor   body 

[Back  strap 

(  Breech    strap 

!  Layer  for  breech  Strap  ... 

n  Tu'jrs 

Breeching.    <  a   F 

j  Safes 

|  Hip    strap 

[Breast  strap 


In. 

In. 

In. 

1 

.17 

20.5 

1 

.68 

14 

14 

t 

.75 

26 

24 

4 

2 

1. 

11 

11 

2 

2 

1. 78 

17 

7 

2 

1. 

31 

32 

2 

I 

J  .25 

21 

IS 

1 

1 

t.25 

15 

9 

1 

2 

1.75 

50 

2 

l .  75 

90 

96 

o 

1 .2.r) 

21 

9 

2 

1 

1.25 

31 

25 

1 

1 

1.25 

16 

13 

1 

1.25 

18 

18 

1 

1.25 

GO 

tiO 

1 

1.25 

6 

6 

2 

1.25 

23 

10 

2 

1 

3.5 

14 

14 

1 

1.7-') 

20 

20 

1 

1 

1 .25 

10 

10 

1 

1.25 

31 

31 

1 

2.f> 

48 

42 

2 

I 

1.75 

50 

42 

4 

1.25 

13 

6 

4 

4 

2.25 

6 

6 

1 

2.5 

4S 

4S 

1 

1.75 

150 

In. 


0.75 

1. 

1. 

1.25 

1.25 


1.25 
1.25 


1.25 


0.8S 
1.25 


1.75 
1.25 
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Leather,  etc.,  required  for  1  set  of  wheel  and  1  set  of  leading 
harness,  for  2  horses  each. 

Harness  leather 8    sides. 

Bridle   leather 5J  sides. 

Collar G    sides. 

Horse  skin 2    sides. 

Russet  sheep  skins 6$ 

Black  sheep  skins 2 

Deers'  hair 12    lbs. 

Hemp  webbing  5    yds. 

1  side  of  collar  leather  makes  11  whips. 

Preservation  of  Harness  in  Store. 

The  store  houses  should  be  well  ventilated,  not  too  dry,  but  Iree  from  damp- 
ness. The  different  articles  should  be  arranged  according  to  kind  and  class, 
separated  or  in  bundles  according  to  their  nature,  so  placed  as  to  touch  each 
other  and  the  walls  as  little  as  possible,  having  a  free  circulation  of  air  about 
them — Huddles  on  trestles  or  bars — collars  hung  on  pins — homes,  with  thei/-  straps, 
and  traces  with  chains  and  hooks,  hung  up;  the  traces  hanging  vertically — side 
pipes  and  beUyhands  piled  on  the  floor  or  on  shelves — surcingles  nod  breast  straps 
stretched  on  racks — halters,  bridles,  reins,  etc.,  hung  up  in  bundles  of  five  or 
ten — litmus  straps,  collar  straps,  etc.,  hung  up  in  bundles  of  ten  or  twenty — oils, 
cur//  chains,  trace  hooks,  in  boxes. 

All  these  articles  should  be  examined  and  cleaned  at  least  four  times  a  year. 

The   leather   articles   are  brushed  and  greased  with  ueat,v  foot  oil,  as  often  as 

their idition  requires:  if  they  have  a  reddish  hue,  mix  a  little  lamp  black  with 

the  oil.  First  brush  the  leather  carefully,  then  pass  over  it  a  sponge  wet  with 
lake  warm  water;  grease  it  slightly  on  the  hair  side,  applying  the  oil  with  a  soft 
brush  before  the  leather  is  quite  dry.  In  general,  new  leather  is  not  greased 
until  it  has  been  in  store  three  years,  unless  it  should  be  found  to  require  it. 
Iron  parts  which  are  not  japanned  or  tinned,  or  from  which  the  coating  is  rubbed 
oil',  are  greased  with  tallow. 
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MOUNTAIN    A.RTILLBEY. 

The  carriage  and  most  of  the  equipments  for  mountain  service  being  of  a 
peculiar  kind,  all  the  details  relative  to  lliem  are  collected,  lor  more  convenient 
reference,  in  this  chapter. 

The  ordnance  for  mountain  service  is  the  light  12-pdr.  howitzer,  described  in 
Chapter  I. 

The  gun  carriage  is  adapted  lo  transportation  on  a  pack  horse  :  but  for  occa- 
sional draught  whsn  the  roads  permit,  it  is  furnished  with  a  thill,  which  is  used 
with  (be  same  saddle  that  carries  the  pack. 

GUM  carriage. — Plate  14. 
Wood:   1  stock,  in  two  pieces;  2  dowels;  1  axlelree. 


Iron. 


'3  assembling  holts  ;  4  washers  j 

2  washer  hunks  (drag   hooks). 

2  trunnion  plates  :  <i  nails. 

2  holts,  for  do. :   2  nuts. 

2  chin  bolts  :  J  nuts. 

2  key  hulls  ,  2  nuts. 

2  cap  squares  :  2  eye  pins. 

2  cap  square  chains;  2  eye  pins. 

2  cap  square  keys. 

2  key  chains  :  2  eye  pins. 

2  implement  hooks. 

2  staples,  lor  straps. 

1  lunette  ;  2  rivets  ;  C  nails. 

1  trail  plate  :  <■  nails. 

1  knee,  for  trail  plate  ;  2  rivets. 


1  handspike  staple. 

2  friction  plates,  lor  shaft  :  J  nails. 

1  box  for  elevating  strew. 

2  bolts,  for  do.  ;   2  washers  :  2  mil* 
1  elevating  screw. 

1  axle  skean. 

1  axle  bolt  :  2  washers  :  1  nut. 

2  rivets,  for  axle  arms  ;  4  burr.-. 

2  ferrules,  lor  axle  arms  :  2  rivets. 
2  axle  bands ;  1  nails. 
2  understrapa. 
2  linch  pins. 

2  wheels. 


Wheel. 

Wood:  1  nave;  12  spokes;  6  fellies;  6  dowels. 
Iron:  4  nave  bands  ;  12  nails. 

I  tire  ;  f>  tire  bolts  ;  (3  washers  ;  G  nuts. 

1  nave  box  (brass\. 
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ThiU. 

Wood    2  shafts  ;  1  cross  bar. 

1  ,r>'--  bar  plate ;  2  bolts  and  2  nails,  for  do. ;  4  rivets  ;  11  screws. 
1  supporting  bar. 

1  key  :  1  key  chain  :  1  eye  pin. 

2  staples  j  1  burrs,  lor  do. 

In  attaching  the  thill  to  the  gun  carriage  the  supporting  bar  is  laid  on  the  trail 
plate,  near  the  handspike  staple,  and  the  knee  in  rear  of  the  lunette  rests  on  the 
cross  bar  plate,  the  holes  for  the  key  in  these  two  pieces  corresponding  with 
each  other. 


IMPLEMENTS    AND    EQUIPMENTS. 

On*  handspike  (hickory  or  oak).  At  the  small  end  it  has  a  strap  fastened  by 
tiro  rivets,  forming  a  loop  by  which  to  hang  the  handspike  on  its  hook  At  eight 
inches  from  the  other  end  there  is  a  stop  like  that  on  the  handspike  of  a  field 
carriage.  A  loop  of  rope  fastened  in  two  holes  at  the  middle  of  the  handspike 
serve-  to  assist  in  placing  the  gun  on  the  pack  saddle.      Length  45.58  inches. 

ponge  and  rammer.  The  staff  (ash)  has  a  tenon  at  one  end  for  the  ram- 
mer head,  which  is  fastened  by  one  wooden  pin,  and  at  the  other  for  the  sponge 
head,  fastened  by  two  pins.  The  rammer  head  is  countersunk  at  the  end,  to 
avoid  striking  the  fuze  in  ramming  a  shell.  The  neck  has  a  copper  band,  fastened 
by  three  nail*.  Diameter  ol  rammer  head  3.24  inches;  of  sponge  head  2.5 
Inches.     Whole  length  49  inches. 

iN'e.ir  the  rammer  head  an  eye  pin  is  riveted  into  the  Staff,  for  the  purpose  of 
attaching  the  implement  to  the  carriage,  and  in  the  middle  of  the  stall' is  a  loop  of 
rope,  like  that  in  the  handspike,  and  for  a  similar  use. 

O,,,  linstock.     Diameter  1  inch;  length  24  inches. 

Qui  fiavi  read.  I 

Ow  tvbt  pouch,  for  primers. 

On,        dato,       for  fuzes. 

( ),u    ■/  o  i is'   rarer. 

Out  priming  <rire. 

.i  a  in  r'j  gimh  I '. 
Our  ri  nt  run  r. 
On,    fuze  plug  reamer. 

'i  a  in  c'.v  pi  lie,  is. 

Two  lanyards,  for  friction  tubes.  I 
On,  mall  tarpaulin. 


\  Like  those  for  field  service,  Chapter  IV. 


PACK  SADDLK. 
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PACK   SADDLE. — Plate  14. 

Wood.  Two  ares,  for  the  frame.  They  are  made  each  of  three  pieces,  glued 
together  and  fastened  by  six  screw*  in  the  front  are,  and  eight  screws  in  the  rear 
arc. 

Two  transoms.  They  have  circular  notches  for  the  trunnions  of  the  pun  to 
lie  in.  They  are  fastened  to  the  arcs  by  bolts  which  traverse  their  whole  length, 
and  by  one  screw  in  each  end. 

One  cross  bar.  It  is  let  into  the  transoms,  and  fastened  to  them  by  two  screws 
in  each  end. 

Two  inner  side  bars.  They  are  fastened  to  the  ares  by  three  screws  in  each 
end. 

Two  outer  side  bars.  They  are  mortised  into  the  arcs.  Each  of  these  bars 
has  a  piece  of  leather  nailed  on  the  outside,  where  the  lashing  rope  passes  round 
it,  for  seeming  the  pack  on  the  saddle. 

Two  round  bars.  They  connect  the  lower  ends  of  the  arcs,  to  which  they 
are  joined  by  round  tenons  and  mortises,  and  fastened  by  one  screw  in  each 
end.  This  screw  serves  also  to  strengthen  the  bearing  notch  for  the  ammunition 
chest. 

Inox.  Two  arc  plates.  They  are  fastened  on  the  outside  of  the  arcs,  each  by 
two  rivets  and  by  the  assembling  bolts.  They  have  hooks  at  each  end  for  attach- 
ing the  lashing  chains  of  the  ammunition  and  tool  chests.  Each  plate  has  a 
staple  riveted  to  it  in  the  middle.  To  the  staple  on  the  front  plate  a  wooden 
button  is  strapped,  to  hook  the  bridle  on.  The  crupper  strap  is  attached  to  the 
staple  on  the  rear  plate. 

Two  assembling  bolts.  They  pass  through  the  transoms,  connecting  the  front 
and  rear  arcs  together.     Two  nuts  for  these  bolts. 

Four  staples,  for  confining  the  lashing  straps.  They  are  fastened  to  the  arcs 
by  two  rivets  in  each.  Four  notch  plates,  fastened  to  the  arcs,  each  by  four 
screws. 

Leather.  Four  billets,  for  lashing  straps.  They  are  fastened  near  the  head  of 
the  arcs,  each  by  one  screw  and  a  staple. 

Four  buckle  straps,  for  the  same.  They  are  fastened  to  the  inside  of  the  arcs 
at  the  lower  end,  each  by  one  screir. 

Two  buckle  straps,  for  the  billets  of  the  shoulder  straps.  They  are  fastened 
to  the  front  arc.  each  by  one  screw  and  two  nails. 

One  cover  (bridle  leather).  It  is  stretched  over  the  inner  side  bars,  and  nailed 
to  the  inside  of  the  arcs  A  strip  of  thin  leather  is  put  under  the  heads  of  the 
nails.     Two  ilaps,  of  harness  leather,  are  sewed  to  the  lower  ends  of  the  cover. 

Two  thill  straps.  They  pass  over  the  round  bars,  and  form  loops  for  the  shafts 
of  the  gun  carriage. 

One  lining  (thick  black  leather).  It  is  nailed  to  the  inside  of  the  arcs,  and 
sewed  to  the  flaps  of  the  cover,  below  the  round  bars. 
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■nt/i  biUete.    They  are  sewed  to  the  lining,  three  on  each  side  of  the 
■addle. 
Pour  inn  loops,  for  the  breeching  and  breast  straps.    They  are  held  !>y  leather 

t,  which  are  sewed  to  the  lining. 

One  girth  (strong  hemp  webbing).  It  has  three  buckles  sewed  to  each  end 
with  leather  loops. 

One  pad.  The  upper  side  is  made  of  sheep  skin  ;  the  lining,  of  Strong  canvas. 
Il  i>  stuffed  with  straw  and  deer's  hair,  and  stitched  in  the  usual  manner.  The 
pad  is  fastened  to  the  lining  of  the  saddle  with  ten  leather  thongs. 

HARNESS. — Plate   14. 
The    same    harness    is    used    for    the   packs   and    for  draught,  except    that   the 
lashing  girth  and  lashing  rope  are  not  required  lor  the  latter  purpose. 
The  harness  is  made  of  black  leather,  like  that  for  held  artillery. 

Bridle. 

One  crown  piece.     One  end   is  split   into  two  billets,  and  the  other  into  a  billet 
and  buckle  strap,  for  the  throat  lash  and  cheek  pieces. 
<  >ne  buckle  and  one  standing  loop,  for  the  throat  lash. 

One  buckle  ami  loop,  attached  to  the  top  of  the  crown  piece,  for  the  billets  of 
the  winker  straps. 

()nc  liimr  /nun/.  It  is  formed  into  a  loop  at  each  ci\i\.  through  which  the 
crown  piece  parses. 

Two  <•//"/  straps.  Each  strap  has  two  buckles  and  fiye  standing  loops.  The 
upper  end  ofthe  strap  is  buckled  to  the  billet  of  the  crown  piece;  the  lower  end 
,1.1--'  -  through  the  ring  of  the  bit. 

Two  winkers.  They  are  sewed  to  the  cheek  straps,  and  supported  at  the  front 
part  by  two  straps,  which  are  fastened  in  the  buckle  at  the  top  of  the  crown  piece. 

One   lending   rein.      It    is   sewed    into  the   ring  on  the   right  end  of  the  bit,  and 
pas-.es    through    the   other    ring.      A    wooden    button    is   sewed    into   a   loop   at  t lie 
nd  id'  the  rein,  with  a  leather  washer  inside  of  it. 
Tiik  BlT.     It  consists  of  a  bar  and  two  rings,  made  of  iron  and  tinned. 

Halter. 

The  halter  and  its  chain  are  like  those  used  for  the  held  artillery.    ChAPTEB  V. 

Crupper. 

rhe  dock,  with  a  buckle  and  loop  at  each  end,  by  which  it  is  connected  with 
the  huili/  of  the  crupper,  the  rear  end  of  the  latter  being   split   into  two  billets  for 

that  purpose. 
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The  back  strap.  It  is  sewed  to  the  crupper,  and  passes  through  the  staple  on 
the  rear  arc  plate  of  the  saddle.  One  buckle,  with  three  standing  hops  and  a 
sliding  loop,  for  the  billet  of  the  hack  strap. 

The  loin  strap  passes  between  the  back  strap  and  the  body  of  the  crupper 
The  ends  are  two  billets,  to  which  the  breeching  is  buckled. 


Breeching. 

The  breech  strap.  To  each  end  of  it  is  sewed  a  side  strap,  with  a  buettt  and 
four  standing  loops.  These  side  straps  pass  through  two  iron  loops  on  the  pack 
saddle,  or  through  the  staples  in  the  shafts,  when  the  harness  is  used  lor 
draught. 

Two  buckle  straps.  Each  strap  has  a  buckle  and  three  standing  loops.  It  is 
fastened  to  the  breech  strap  by  an  iron  loop  and  a  chape.  A  safe  is  sewed  under 
each  strap,  its  whole  length.  These  buckle  straps  receive  the  billets  of  the  loin 
strap  which  support  the  breeching. 


Breast  Strap. 


The  linrint  plate.  A  billet  strap,  with  a  buckle  and  three  loops,  is  sewed  to 
each  end  of  the  breast  plate.  The^e  billets  are  buckled  into  the  front  iron  loops 
on  the  pack  saddle,  or  into  the  staples  on  the  shafts,  when  the  harness  is  used 
for  draught. 

Two  shoulder  straps.  They  are  sewed  to  the  breast  plate,  which  they  support 
by  means  of  the  buckle  straps  on  the  front  of  the  pack  saddle. 

Lashin<j  Girth  and  Rope. 

The  girth  is  a  broad  piece  of  thick  leather,  to  each  end  of  which  an  iron  html. 
is  fastened.  The  lashing  rope,  2J  inch  rope,  10  feet  long;  it  is  used,  with  the 
girth,  to  secure  the  pack  on  the  saddle. 


186 


CHAP.   VI.  —  MOUNTAIN    ARTILLERY. 


AMMUNITION. 

The  ammunition  for  the  mountain  howitzer  consists  of  ihclh,  spherical  case 
that  and  canisters,  to  ;ill  of  which  the  cartridge  is  fixed,  by  means  of  a  sabot. 

For  instructions  relative  to  the  manner  of  fixing  the  ammunition,  see  Chap.  X. 

The  charge  of  powder  is  uniformly  8  oz. 

The  cartridge  bag  is  made  of  woollen  stulf. 

Diameter  of  circular  hot  to  in.  cut 4        inches. 

Length  of  rectangle 10.42 

Height 5  •' 

I  ii.uneter  of  cartridge  finished 2.S  " 


Sabots. 


DIMENSIONS. 


For  Shell 

or 
Sph.   Case. 


For 

Canister. 


Whole  height 

Height  of  conical   part 

Hi  a  meter  of  conical  part.  ]   i,0'' 

1  j   bottom 

Diameter  at  the  bottom  of  the  sabot 

Cavity  for  the  shell.  (!))l'':,h---;. 

(  tCadtus  of  curvature 

Cylinder  for  tin  canister,  j  ^iam,eler 

I  Height 

Distance  from  middle  of  groove  to  bottom  of  sabot. 

Width   of  groove 

Depth  of  groove 


In. 

2.7 

2. 

1.2 

3.24 

2.8 

1.3 

2.26 


0.55 
0.3 

0.15 


In. 

3.75 

2.r>s 

4.52 
3.24 

2.8 


1 .47 

0.5 

0.55 

0.3 

0.15 


Straps  and  Rings  for  Shells. 
The  shell  or  spherical  case   is  fixed  to  the  sabot  by  means  of  4  straps  of  tin 
which  are  hooked  into  slits  in  a  ring  of  tin  round   the  fuze  hole,  and  are  fastened 
to  the  sabot,  each  by  2  iron  tacks. 

Diameter  of  ring.  {  Exterior 2.25  inches. 

°    (Interior 1.15         " 

Width  of  straps 0.15         " 

Length  of  strap 7.5  " 
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Caps  for  Cartridges. 

The  cartridge  is  covered  with  a  paper  cap. 

Height  of  paper  for  cap 4.55  inches. 

Width  (cylinder  developed) 10, 

f  Length,  exclusive  of  handle  ■•■  6.         " 

™./  .-  '  Width  at  large  end 4..r>0      '•' 

Hat  former  for  cap.       ,,-    ,                   ..        ,  ,   ,r       (1 

1     )   \\  hIiIi  at  small  end 4.4a     " 

(Thickness 0.15      •• 

Height  of  cap 2.9        •' 

rt.  |._ j  .      ,r         c        ,     ,  f  Din-meter 2.9        '• 

Cylindrical  form  lor  choking  caps.  \  ,,  ..  ., 

1  I  Hf  ig'it »■ 

Shells  and  Spherical  Case  Shot. 

The  skills  and  spherical  case  shot  are  the  same  as  for  other  pieces  of  the  same 
calibre. 

Tin  fuzes  are  like  those  for  field  service,  viz:  The  composition  is  contained  in 
a  paper  case,  wnich  is  inserted,  at  the  moment  of  firing,  into  a  wooden  plug  pre- 
viously driven  into  the  fuze  hole. 

These  fuzes  being  all  of  the  same  length,  the  time  of  burning  is  regulated  by 
the  proportions  used  in  making  the  fuse  composition  ;  see  Chapter  X. 

The  2-second  fuzes  are  colored  black;  the  3-second,  red;    1-second,  green. 

After  the  shell  or  spherical  case   has   been  strapped  to  the  sabot,  it  is   charged 

with   powder;  the  fuze   plug  is  then   driven   in.  and  the  hole  for  the   paper  fuze 

reamed   out.     This    hole    is    then    stopped    with   a   plug  of  low,   pressed   in    hard. 

The  wooden  plug  should   project  about  .1  inch  from  the  fuze  hole. 

Charge  of  shell 7     oz.  rifle  powder. 

/-■/,„,■,>„    s     i      ■     i  f    44  oz.  rifle  powder. 

Lltarge  of  spltci  icul  case ,  .. 

°     *    *  I    ,>     musket  balls. 

Canisters. 

The  canister  for  the  mountain  howitzer  is  filled  with  musket  balls  ;  its  dimen- 
sions and  weight  are  as  follows  : 

Length  of  tin  for  the  cylinder  (lap  included)   14.4    inches. 

Height  of  do 4.  " 

Interior  diameter  of  cylinder 4.17 

Diameter  of  plates 4.42      " 

Thickness  of  bottom  iron  plate 0.25      " 

Thickness  of  sheet  iron  cover  . 0.07      " 

Number  of  balls  in  each  tier 37 

Number  of  tiers  of  balls 4 

Whole  number  of  balls ]4S 

Height  of  finished  canister,  including  sabot c'.S5 

Weight  of  finished  canister,  including  sabot 11.2       lbs. 
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Fixed  Ammunition. 


DIMENBION8    \NL>  WEIGHTS. 

Shell. 

Spherical 
case. 

i  lanister. 

Height  of  shell  strapped,  or  canister  with  sabot. 

In. 
5.92 

-.17 

Ll.s. 
9.2 

9.8 

In. 
5.92 

-.17 

Ll.s. 
11. 
11.6 

In. 
9.1 

Weiahl  ol  projectile,  strapped  and  loaded.... 

Lbs. 
ll.S 
11.8 

Primers. 

Friction  tiih,  v  are  generally  used  for  the  mountain  howitzer,  Cur  which  tliey  are 
particularly  convenient,  in  dispensing  with  the  lock.  But  the  lock  with  perons- 
sion  primers  may  be  used,  or  the  common  tube  and  match. 

Packing  Ammunition. 


DIMENSIONS    \NI>  WEIGHTS  ok  boxes. 


Canisters. 


r  Length 
Interior  dimensions  •  -  Width  . 

(.  Depth  . 
Number  of  rounds  in  a  box  . . . 


Weight  ni  ammunition 
Weight  of  box  packed  • 


Lbs. 
1  11.6 

175. 


The  ammunition  is  placed  upright  in  the  box:  the  projectiles  below,  with  thin 
•trips  of  wood  under  the  shells  and  spherical  ease,  to  prevent  the  fuzes  from 
bearing  on  the  bottom. 

For  further  instructions  relative  to  the  manner  in  which  the  boxes  are  made 
and  packed,  see  Chapter  X. 

In  each  box  there  are  placed,  with  the  ammunition: 

8  2-second  fazes,  .(black). ...~\ 

12  3-second  fuzes,  .{red) \  for  the  shells  and  spherical  case. 

6   L-second  fuzes. .(green)   ••) 

K)  priming  tubes;  1  port-ore;  '2  yards  slow  match. 
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AMMUNITION  CHEST. 

Woop  :  2  ends;  2  sides;  1  bottom — 1  panel  -and  2  clamps,  for  (he  lid. 

2  becfcets,  lor  the  handles  :  8  screws.     2  handles  of  1  inch  rope. 
Ikon:  1  brace;  1  screw:  1  stud  plate;  1  rivet:  1  screw;  1  turnbuckle. 

4  corner  plates  :  10  screw*  :  2  binges  :  26  screws. 

2  lashing  chains;  2  bridles:    I  rivets:  1  hasp:  4  screws. 

1  linen  coin,  painted,  and  fastened  by  100  copper  tacks. 

2  leather  loops,  for  linstock  :  9  screws. 

Interior  Divisions:  8  lung  chats,  for  supporting  the  upper  tier  of  ammunition ; 
they  are  glued  to  the  sides  and  fastened  by  32  nails.  H  short  chats,  fastened  with 
8  screws  and  16  nails. 

Mannek  of  Packing.— The  chest  contains  8  rounds  of  fixed  ammunition,  viz. : 
2  shells,  5  spherical  ease,  and  1  canister.  Four  of  the  spherical  case  are  placed  in 
the  bottom  tier,  with  the  balls  down  ;  the  remaining:  spherical  case,  the  shells  and 
the  canister  in  the  upper  tier,  with  the  cartridges  down,  the  canister  in  the  right 
hand  end  of  the  chest.     In  each  chest  are  placed  : 

2-second  fuzes  (Mac/.) 4 

3-second  fuzes  {red)  7 

1- second  liizes  (green) 3 

Priming  tubes J 

Friction  primer* 10 

Port-lire 1 

Slow  match 2  yards. 

The  fuzes  and  primers  wrapped  in  water-proof  paper,  and  the  whole  load  well 
packed  in  low. 

A  supply  of  friction  primers,  equal  to  half  the  number  of  rounds  of  ammuni- 
tion belonging  to  the  battery,  should  be  carried  in  reserve. 

Implements  and  Equipments  for  each  Carriage. 

1  handspike  }  on  the  carriage. 

1  sponge  and  rammer,  J 

1  sponge  cover,  on  the  sponge. 

I  vent  cover,  on  the  gun. 

1  linstock,  in  the  loops  on  the  ammunition  chest. 

1  haversack,  ^ 

1  tube  pouch,  I  on  the        k  wilh  ,he  ammunition  chest*. 

J  luze  pouch.  i  * 

1  small  tarpaulin,  ) 


1  priming  wire,  in  the  tube  pouch. 

1  gunner's  gimlet,  1  in  the  fuze  pouch. 

2  lanyards  lor  Inction  tubes,  J 

1  gunner's  pincers,    1  ,  ,  ^^  A 

1  luze  plug  reamer,  ) 
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PORTABLE  FORGE. 

The  hearth  is  "f  sheet  ir<m.  No.  13.  bent  into  a  hollow  form,  and  riveted  to  an 
iron  frame.  TbeAoo&ofthe  hearth  is  bent  under  the  bottom  and  riveted  to  it. 
The  border  of  tbe  hearth   is  bent  round  the  back,  and  is  riveted  to  it  and  to  the 

frame.  The  back  of  the  fire  place  is  of  sheet  iron,  No.  13,  connected  with  the 
back  of  tin-  hearth  by  two  brans  hinges,  which  are  riveted  to  each.  The  edges  of 
both  the  back  pieces  are  Stiffened  by  strips  of  sheet  iron  riveted  to  them.  An 
air  back  i*  formed  by  a  piece  of  sheet  iron.  No.  7,  bent  hot  into  a  convex  shape, 
and  riveted  to  the  inside  of  the  bade  plate  of  the  tire  place.  A  button  turning  on 
an  axis  which  is  riveted  to  the  outside  of  the  back  plate,  serves  to  fasten  this 
plate  to  a  stud  in  the  front  border  of  the  hearth,  when  the  back  is  turned  down 
on  a^  binges. 

The  frame  is  supported  by  three  legs,  which  are  connected  with  it  by  bolts,  so 
that  they  can  be  folded  up  close  to  the  frame.  The  front  leg  is  divided  into  two 
branches,  which  are  bolted  to  /»■<<  eye  pieces  that  are  riveted  to  the  sides  of  the 
frame.  The  two  other  legs  are  connected  together  by  a  cross  bar,  with  a  nut  at 
each  end.  This  bar  supports  also  the  fork  in  which  the  bellows  handle  works. 
The  legs  of  the  frame  have  round  tenons  at  the  lower  ends,  with  shoulders 
which  rest  on  three  socket  plates  attached  to  the  side  of  the  forge  chest,  for  the 
LO  stand  on  when  set  up  for  use. 
The  btlluu-s  Handle  is  of  iron,  with  a  wooden  head.  It  is  attached  to  a  fork 
which  lit*  in  a  square  hole  in  the  cross  bar  joining  the  rear  legs  of  the  frame. 
The  lower  end  ol  the  bundle  is  hooked  into  a  connecting  rod  attached  to  the  rear 
••nil  i  I  ill.-  bellows;  ii  is  fastened  to  this  rod  by  a  sliding-  catch,  which  is  secured 
by  a  thumb  screw.  When  the  bellows  is  dismounted,  this  rod  is  hooked  into  an 
eye  on  tin-  upper  side  ol  the  bellows,  to  keep  it  closed. 

Tin.  BbLLOWS.     The  frame  consists  of  an  upper,  a  lower,  and  a  middle  flank, 
nut  i  and  tin*  ribs  (poplar),  connected  by  a  cross  head,  as  in  a  common  smiths' 
bellows.     There  are  valves  in  the  middle  and  the  lower  plank. 

A  bar  <>t  iron,  attached  to  the  middle  plank,  terminates  in  two  journals,  which 

•upporl  the  bellows,  lilting  in  the  joints  of  the  rear  legs  of  the  frame  of  the  forge. 

Th<-  un:zl,.  of  sheet  iron,  is  inserted  into  the  cross  head,  above  the  middle 

plank.      Il  enlers  into  a  east  nun  pipe  which  is  attached   to  the   rear  of  the  forge 

back  by  means  of  a  bridle  bolted  to  the  back  plate  of  the  hearth. 

A  handle  is  attached  to  a  plate  which  is  fastened  on  the  upper  bellows  plank. 
A  leaden  weight  of  one  pound  is  attached  to  the  inside  of  the  lower  plank  by  the 
rivets  which  hold  the  eye  plate  on  the  connecting  rod. 

Tin-  bellow*  leather  (calfskin)  is  fastened  to  the  planks  by  small  bellows  nails. 
'1  in:  Poroi  BUCKET  is  of  sheet  iron,  stiffened  with  a  band  at  top,  and  furnished 
with  a  handle. 

Tiik  Awn,  is  tilled  into  a  block  of  tough   oak,  or  rather  hard  wood,  and  fast- 
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ened  by  an  iron  pin.     The  block  lias  a  band  round  the  top.      Two  rings  fastened 
by  staples  serve  for  handles. 

The  Coal  Sack  is  made  of  strong  leather.  Tt  is  14  inches  in  diameter  and  18 
inches  high;  it  is  closed  at  the  top  by  a  leather  strap  passing  through  slits  in 
the  sack. 

TOOL   CHE8T8. 

Chests  for  the  Forge  and  Smiths'   Tools. 

The  forge  and  the  smiths"  tools  are  packed  in  two  chests,  which  arc  alike, 
except  In  the  interior  divisions.  'Yin-  forge  chest  ha-  socket  plates,  for  the  legs 
of  the  forge  to  stand  on. 

Wood  (walnut).  Two  ends  and  two  aides,  dovetailed  together.  One  bottom 
let  into  the  ends  and  sides  and  fastened  by  thirty-tiro  nails.  One  lid.  made  with 
two  end 'clamps,  like  that  of  the  ammunition  chest. 

Irons.  Four  corner  plates,  of  Sheet  iron,  No.  IS,  fastened  each  by  eighteen 
screws. 

Tu-o  handles.  The  straps  are  turned  under  the  bottom  of  the  chest.  They  are 
fastened  each  by'"""   rivet  and  four  screws. 

Tiro  hinges.  The  short  strap  is  fastened  to  the  inside  of  the  lid  by  one  ritiet 
and  three  screws.  The  long  strap-  are  Kent  under  the  bottom  of  the  chest  and 
fastened,  each  by  three  rivets  and  eleven  screws.  Two  of  these  rivets  hold  the 
bridle  for  the  lashing  chain,  which  is  placed  at  the  same  distance  from  the  bottom 
as  in  the  ammunition  chest. 

One  hasp.  The  strap  is  let  into  the  inside  of  the  cover  and  fastened  with  four 
screws. 

One  hasp  staple  and  plate.  The  staple  is  riveted  into  the  plate,  which  is  fas- 
tened to  the  box  with  two  rivets. 

One  linen  covering,  like  that  of  the  ammunition  chest. 

Three  socket  plates,  fastened  on  the  back  of  the  forge  chest,  each  by  four  screws. 
They  have  holes  in  them  for  the  legs  of  the  frame  of  the  forge  to  stand  in,  when 
it  is  mounted  for  use. 
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tents  of  the  Forge  Chest  and  manner  of  "packing. 

Tin-  leg*  arc  folded  up  close  to  the  frame,  and  the  back  of  the  6 re-place  is 
turned  down  on  tlic  hearth  and  fastened  by  its  catch. 

The  bellov  I  and   fastened  by  t lie   connecting  rod,  the  handle  being 

detached. 

Tin  fire-place  and  /nunc  are  placed  against  the  back  of  the  chest,  the  hearth 
outward.  They  are  kept  in  place  by  a  clamp  which  fits,  over  the  lop  of  the 
frame,  into  an  iron  staple  fastened  by  two  screws  to  the  back  of  the  chest. 

Th<-  bellows  is  placed  on  its  side,  with  its  top  against  the  front  of  the  chest. 
One  journal  goe8  into  a  hole  in  a  cleat  screwed  to  the  bottom.  The  nozzle  is 
supported  by  a  notched  board,  which  is  framed  into  a  cleat  screwed  on  the  bot- 
tom of  the  chest,  and  it  is  held  fast  by  a  buckle  strap  passing  through  a  staple 
in  the  board.  A  clamp,  with  a  hole  for  the  upper  journal,  goes  across  the  top  of 
the  bellows,  and  is  held  by  staple  plates  screwed  to  the  front  and  back  of  the 
chest. 

The  bellows  handle  hangs  on  a  cleat  in  the  front  of  the  box,  toward  the  right 
hand,  the  hoolc  downward. 

One  wrench  (for  nuts  Nbs.  ]  and  four),  in  two  iron  brackets  on  the  right  end 
of  the  chest,  near  the  front. 

i  Ine  hand  hammer,       )  ,,,.  .   ,       ,,        1 

One  rivetinsr 'hammer,  \  With  handles, 

One  fore  punch  .       „  f  Placed  upright  near  the  wrench. 

One  creaeer,         [  On  same  handle,         j 

Ten  pounds  of  horse  shoe  nails,  in  two  strong  linen  bags,  packed  In  tow,  in  the 

vacant  space  to  the  right  of  the  bellows. 
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Contents  of  Smiths'  Tool  Chest  and  manner  of  packing. 

The  anvil  and  its  block  are  placed  in  llie  bottom  of  the  chest ;  the  head  of  the 
anvil  in  a  mortise  made  in  a  cleat  screwed  on  the  l>ottom.  The  block  is  fastened 
by  a  leather  strap  and  buckle  to  an  iron  staple  in  the  bottom  of  the  ehe>t. 

Our  water  bucket  (iron),  on  the  anvil  block,  resting  on  a  movable  cleat,  which 
is  hollowed  out  to  (it  the  block  and  the  bucket. 

One  pair  shoeing  pincers,  i  ,  ,         ,  .,     r  r   ,       , 

,,      '  '  In  a  wooden  cleat,  on  the  front  of  the  chest. 

Une  via  .  j 

One  nailing  hammer.  ") 

One  sharing  hammer,  '•  In  iron  brackets,  against  the  front  of  the  chest. 

One  splitting  chisel,    ) 

One  pair  tongs,  |  r        .  ,        ,         .      ,     ,   ,.  ,. 

r,     '     •.  /  ,°  '  >  In  a  triangular  cleat,  in  the  lelt  front  corner. 

One  jn  itchel,        J 

One  hardie,  ") 

One  clinching  iron.  V  In  a  wooden  rack,  on  the  left  end. 
One  shoeing  knife,   ) 

One  poker, 

One  shovel,  T     .  ,  .  .,      ,       ,      r    , 

q  •  ;  In  two  wooden  racks,  on  the  back  of  the  chest. 

One  nail  punch,    I 

One  buttress,  hung  on  two  hooks  in  the  front  of  the  upper  shovel  rack,  and 
he'd  fast  by  a  wooden  button. 

One  toe  knife,  in  two  cleats,  on  the  back  of  the  chest,  near  the  top. 

One  rasp,  )  T     .  ,  ,      ,       .      ,.    , 

One  square  file,  I        tw0  r;,cks-  on  ,lic  ,)ack'  of  llle  chest,  near  the  top. 

Tvo  flat  Jib s  fastened  by  two  cleats  and  a  button  to  the  inside  of  the  lid. 

Ten  pounds  of  horse  shoe  nails,  in  two  bags  ;  one  on  the  bottom  at  the  left  end 
the  other  in  the  water  bucket. 

The  bags  of  horse  shoe  nails  should  be  distributed  in  the  two  chests  so  as  to 
equalize  and  adjust  the  weight  on  each  side.  Tbey  should  be  packed  in  tow.  to 
prevent  injury  to  the  tools. 


Ill 


CHAP.    VI. — MOUNTAIN    ARTILLERY) 


Carriage  makers   Tools  and  Stores. 

The  tools  nnd  stores  for  the  use  of  carriage  makers,  m   repairing  the  carriages 

an,|  ,.,|ui| nts.  are  packed  in  two  chests,  which   are  like  those  for  the  ammu- 
nition, hut  without  the  interior  divisions. 

The  hasp  and  hasp  Staples  are  like  those  of  the  forge  chest. 

The  two  chests  are  designated  by  the  letters  A  and  B. 


Contents  of  Carriage  makers'  Tool  Chests. 


Chest  A. 

Cm- st  B. 

1  claw  hatchet, 

1 

hand  axe, 

1  nailing  hatchet, 

1 

claw  hatchet, 

•j  firmer  chisels,  i  and  j 

inch, 

1 

nailing  hatchet, 

1  trying  square, 

o 

firmer  chisels, 

1  bevel, 

1 

lirmer  gouge, 

2  augers,  I  and  §  in.,  an 

d  one  handle. 

1 

pair  compasses, 

1  riveting  hammer, 

1 

trying  square,  six  inches, 

]   hand  saw, 

1 

scriber, 

1   jack  plane, 

1 

ri\  el  ing  hammer. 

1  screw  driver, 

1 

mallet, 

1  ride  (two  feet), 

3 

gimlets, 

.'!  gimlets, 

] 

screw  driver, 

2  hand  s;iw  files, 

1 

wood  rasp, 

2  wood  files,  twelve  in< 

1', 

1 

oil  stone, 

2  sickles, 

G  brad  awls, 

I  -  tinner's  u'imlet, 

2 

sickles. 

1  priming  wire. 

1 

gunner's  Lrimlet, 

1   gunner's  pincers. 

1 

priming  wire, 

1   fuse  plug  reamer, 

2 

papers  tacks,  8  oz.  and  12  oz., 

2  papers  of  sprigs,  1   in 

and   11    inch, 

A  lb.  twine. 

2  papers  of  tacks.  B  "/. 

and  12  OZ., 

25 

leather  Lhongs, 

60  wood  screws.  jf  inch, 

No.  9, 

36 

wood  screws,  1\  in.  &  1  in.  No. 

14, 

2  His.  smsIi  cord, 

12 

do.                              2  in.  No. 

1G, 

J  lh.  twine. 

12 

12 

nuts,  No.  1 ;  2,  No.  2;  G,  No.  4, 

washers,  No.  1. 

The  sickles  are  fastened  to  the  front  and  hack  of  the  chests  (inside),  with 
small  cleats  at  the  necks  and  points.  The  other  articles  are  securely  packed  in 
tow,  the  edges  of  the  cutting  tools  being  carefully  wrapped  up,  to  prevent  in- 
jury. 
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Dimensions  and  Weights  of  gun  carriage  and  equipment. 


DIMENSIONS. 

Distance  between   the  inside  of  trunnion  plates 

Diameter  of  trunnion  holes 

Depth  of  axis  of  l  run  n  ions  lie  low  ii|>|ier  face  o  I"  trunnion  plate 

Distance  of  axis  of  trunnions   in    re;ir  of  axis   of  axlelree,  the   piece 

being  in  battery,  on  horizontal  ground 

Distance  from  axi>  ol  trunnions  to  axis  of  axlelree 

Height  of  axis  of  trunnions  nbove  the  ground 

Vertical  field  of  fire,    {  "b?ve  '!le  hl,rlz"lll:'l|  '!« 

'     (below  the  horizontal   line 

Distance  between  the  points  of  contact  ol'  wheels  ami   trail   with  the 

ground  line 

Distance  from  front  ol'  wheels  to  end  of  trail,  the  piece  being  in  battery 

Distance  of  the  muzzle  of  the  piece,  in   battery,  in  rear  of  wheels. . . 

Length  of  gun  carriage,  without  wheels 

Length  of  thill 

Whole  length  of  the  axlelree 

Track  of  the  wheels 

Height  of  wheel 

Disll  of  finished  wheel 

Ammunition  Chest,  f  Interior  length 

or  -j  ••      width 

Carriage MaJeers1  Tool  Chest.    (         "      depth 

Forge  Chest,         (  Interior  length 

or  }  "       width 

Sm ithx  Tool  Chest.  (  "      depth 

WEIGHTS. 

Howitzer 

Gun  carriage,  without   wheels 

One  wheel 

Handspike 

Sponge  ami  ram  in  er 

(inn  carriage  complete,  with  implements 

Thill 

Bridle 

Halter 

Pack  saddle  and  harness , 

Lashing  girth  and  rope. • 

A  mmuuilion  chest,  or  carriage  makers'  tool  chest,  empty 

Forge  chest,  or  sin  it  lis'  tool  chest,  empty 

Ammunition   chest,  packed 

Forge  chest,  packed 

Smiths'  tool  chest,  packed 

Coal  sack,  filled  with  charcoal 

<  a  

Carriage  makers'  tool  chests        ',, '  ' 

10 


Inches. 

7. 

2.75 

0.62 


27. 
7° 
9° 

43.7 
71.8 

2.14 
61. 
73. 
38.25 
30.2 
38. 

2. 

32. S 

4  . 7-r) 
9.35 

32.8 

B. 

16.25 

Pounds. 

220 

157 

65 

5 

3 

295 

30 

3 

3.5 

44 

3 

20 

42 

112 

115 

117 

25 

45 

45 
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Packs. 

1.  The  howitzer  and  the  thill  of  the  carriage.      Weight  200  pounds. 

2.  The  gun  carriage,  with  wheels  and  implements.     Weight  295  pounds. 

3.  Two  ammunition  chests,  with  the  haversack,  tube  pouch,  and  fuze  pouch, 
covered  with  the  tarpaulin.     Weight  23S  pounds. 

4.  The  two  forge  chests.     Weight  232  pounds. 

•").  The  two  chests  for  carriage  makers'  tools  (90  pounds),  with  the  coal  sack 
(25  pounds).     Weight  115  pounds. 

The  same  kind  of  pack  saddles  serves  for  each  of  these  packs.  Weight  of 
-addle  and  harness,  complete,  03  pounds. 

Bill  of  Timber  for  Mountain  Howitzer  Carriage,  etc. 


NAMES  OF  PARTS. 


DIMENSIONS  OF   F.ACH 
PIECE   (ROUGH). 


Length. 


Widih 


Thiol 

ness. 


(Jim  Carriage  body. 

Stock   

Axletree   

Two  wheels. 

Nave 

Spokes  

Fellies 

One  thill. 

Shafts 

Cross  bar 

One  ammunition,  chest. 

Sidefl  and   ends 

Bottom 

Cover  and  partitions 

One  pack  saddle. 

Arcs  

Transoms 

Cross  bar 

Side  bar's 

I;  mind  bars 

( hi,  handspike 


2 
24 

12 


In. 

GG 
•14 


11 
20 
21 


72 
33 


44 
36 

GG 


50 
20 
14 
42 
20 

50 


In. 

In. 

9. 

7. 

5. 

3. 

9. 

Hound 

2.5 

1.5 

5.5 

2.5 

3. 

2.25 

3.5 

2.25 

11. 

1. 

7. 

1. 

a. 

1. 

12. 

1.25 

12. 

1.75 

G. 

1.25 

12. 

0.75 

1.5 

1.5 

2.5 

2.5 

Oak. 

Young,  tough 
hickory. 

Oak. 
Do. 
Do. 


Ash. 
Do. 


Poplar. 
Do. 
Do. 


\sh  or  beach. 

Do. 

Do. 

Do. 
Hickory. 

Hickory. 
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Bill  of  Iron  for  Mountain   Howitzer  Carriage. 


NAMES    OF    TARTS. 


j. 

(A 

V 

-C 

■5 

.a 

be 

'"-' 

B 

V 

£ 

H 

rJ 

£ 

G«;t  carriage  body. 

Cap  square  and  key  chains  No.  1 

Rivets  No.  2.  nails  No.  1,  and  Maples. 

Nails  No.  2 

Handspike    staple,   holls   No.  1.   and  I 

rivets  No.  3 | 

[mplemenl  hooks,  and  boll  No.  3 

Bolts  No.  4 

Eye  pins  No.  1 

Elevating  screw 

Nuts  No.  1 

Handspike  strap  and  lineh  pins 

Washers  No.  1 

A  xle  hands 

Cap  si i  n a  re  keys 

Nut  No.  3..... 

Heads  of  key  and  chin  bolts 

Nuts  No.  1. 

Ferrules  for  axletree 

Washer  hunks 

Understraps 

Handles  for  elevating  screw 

Trunnion  plates  and  cap  squares 

Washers  No.  4 

Knee  of  lunette 

Trail  plate 

Axle  skean , 

Lu  nette 


Box  for  elevating:  screw 


Two  wheels. 


Band   nails  No.  1 
Tire  holts  No.  1.. 

Brow  bands 

Nuts  No.  1 

End  hands 

Washers  No.  1  . , 
Tires 


Nave  boxes 


In. 

0.15 
.25 
.3 

.37.". 

.7.'. 

.875 
1  .75 
0.75 
1. 

1 .2d 
1 .25 
1.25 
1 


25 


1.5 

2. 


2. 
2. 
2.25 


2 . 5 
4. 
4. 
4. 


0.25 

(1 .  375 

0.75 

0.75 

1. 

1.25 

2.00 


In. 

Bound 
An. 
do. 

do. 

do. 

do. 

do. 

do. 
0.375 
0.5 

0.1'.'., 

0.2 

0.25 

0.625 

0.75 

0.75 

0.25 

0.375 

0.5 

1.25 

1. 

0.1SS 

1. 

0.2 
0.375 

0.5 


Round 
do. 
0.125 
0.375 
0.2 
0.125 
0.375 


In. 


54. 
18. 

II. 

11. 
B4. 

7. 

11. 

1.2 

16. 

■>.: 
34. 

3. 

1.5 
16. 
11. 
15. 

8. 
36. 

5. 
42. 
10. 

1. 

12.: 
3S. 
IS. 


48. 
42. 
96. 

10. 
82. 

15. 
240. 


Lbs. 

0.13 

0.73 
0.36 

1.35 

i. .'.'I 
10.30 
1.16 
7.34 
0.12 
2.-.' I 
0.11 
2.3s 
0.26 
0.27 
4.20 
3.17 
2.1(1 
1  .  68 

10.  OS 

3.5(1 

26.46 

1.31 

2.80 

2.80 

15.96 

10.08 


112.13 


3.0 


0.65 
1.29 

2.5(1 
0.78 
4.59 
0.05 
50.40 

60.86 

10-0 


Hammered, 
Hammered. 


Hammered. 


Hammered. 
Hammered. 


Brass. 


Brass. 
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Bill  of  Iron  for  Mountain  Howitzer  Carriage. — Continued. 


NAMES    OF    PARTS. 


Th  ill. 


Key  chain  No.  I 

Rivets  No.  2 

Staples 

Molis  No.  2 

Key 

Supporting  bar  

Cross  bar  plate 

Ammunition  Cheat. 
Chains,  and  rivets  No.  2. .  .  . 

Hinges  and  hasp  strap 

Mridles  and  brace 

Hasp 

Turnbuckle  plate 

Corner  plates 


Turnbuckle 

Pack  Saddle. 

Staples  and   rivets 

Molts 

Nuts 

Arc  plates 


B 

CO 

0) 

■_, 

Jt 

to 

-3 

c 

u 

£ 

H 

O 

£ 

III. 

In. 

In. 

Lbs. 

0.15 

Round 

12. 

0.0G 

0.25 

do. 

12. 

0.16 

0.375 

do. 

26. 

o.so 

0.5 

do. 

7. 

0.38 

0.75 

do. 

4. 

0.49 

1. 

0.5 

48. 

6.72 

2.75 

0.25 

30. 

5.7S 

0.25 

Round 

43. 

14.39 

O.fiO 

I. 

0.375 

38. 

4.00 

1. 

0.5 

4. 

0 .  56 

1. 

0.025 

3.5 

ii. r,l 

1.5 

0.1 

3.5 

0.15 

2.1 

No.  IS 

40. 

1.35 
7.27" 
0.10 

0.16 

0.25 

Round 

12. 

0.375 

do. 

37. 

1.13 

0.75 

0.375 

1.25 

0.10 

1.25 

0.2 

36. 

2.52 
3.91 

Brass. 


Ranges  of  Mountain  Howitzer. 


Charge. 

Ball. 

Elevation. 

Range. 

REMARKS. 

0.5  1b. 

Shell 

0° 

1 

2 

2°  30' 

3° 

4 

5 

170  yds. 
300 
392 
500 
G37 
7s5 
101)5 

150 
450 
500 
700 
SOO 

Time  2  seconds. 
Time  3  seconds. 

0.5 

Sph.  case.  . 

0° 

2°  30' 

3 

4 

4°  30' 

Time  2  seconds. 

Time  2.7  seconds. 
Time  3  seconds. 

0.5 

<  Sanister. . 

4°  to  5° 

250 

Chapter    Seventh. 


PAINTS,  LACKEES,  ETC. 

COMPOSITION     AND     PREPARATION. 

The  proportions  are  given  for  100  parts  by  weight  of  prepared  colors,  etc., 
when  not  otherwise  designated. 

A  gallon  of  Linseed  oil  weighs 7.5    lbs. 

Spirits  of  turpentine 7.25  lbs. 

Japan  varnish 7.      lbs. 

Sperm  oil 7.12  lbs. 

Nealsfoot  oil 7. 03  lbs. 

Boiled  Oil. 

Raw  linseed  oil 103. 

Copperas 3.15 

Litharge 6.3 

Put  the  copperas  and  litharge  in  a  cloth  bag  and  suspend  it  in  the  middle  of 
the  kettle.  Roil  the  oil  4J  hours,  with  a  slow,  even  fire,  so  that  it  may  not  be 
burnt :  then  let  it  stand  and  deposit  the  sediment. 

Dryings. 

Mixture  of  copperas  and  litharge  taken  from  the  boiled  oil. GO 

Spirits  turpentine 56 

Boiled  oil 2 

The  mixture  taken  from  the  boiled  oil  to  be  ground,  and  mixed  with  the  tur- 
pentine and  oil. 

Putty. 
For  filling  cracks  in  wood. 

Spanish  whiting,  pulverized 81.6 

Boiled  oil 20  4 

Made  into  a  stiff  paste.     If  not   intended  for   immediate  use,  raw  oil  should  be 
used,  as  the  putty  made  with  boiled  oil  hardens  quickly. 

Another  kind  of  putty  for  the  same  purpose  is  made  by  mixing  fine  sifted  oak 
saw  dust  with  linseed  oil  which  has  been  boiled  until  it  assumes  a  glutinous  con- 
sistency. 
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White  Paint. 

For  inside  work.       For  outside  work. 

White  lead, .ground  in  oil SO    SO 

Boiled  ml 1-4.5 9 

Raw  oil 9 

Spirits  turpentine S    1 

Grind  the  while  lead  in  the  oil,  and  add  the  spirits  of  turpentine. 

New  wood  work  requires  about  1  lb.  to  the  stpiare  yard,  lor  3  coats. 

Lend  Color. 

White  lead,  ground  in  oil 75. 

Lampblack 1. 

Boiled  linseed  oil 23. 

Litlrirge 0.5 

Japan  varnish 0.5 

Spirits  turpentine 2.5 

The  lampblack  and  the  litharge  are  ground  separately  upon  the  stone,  in  oil, 
(lien  stirred  into  the  white  lead  and  oil  ;  the  turpentine  and  varnish  are  added  as 
the  paint  is  requited  fnr  use,  or  when  it  is  packed  in  ke^s  tor  transportation. 

Black  Paint 

Lampblack 23 

Litharge ] 

la  pan  varnish 1 

Linseed  oil,  boiled 73 

Spirits  turpentine 1 

Grind  the  lampblack  in  oil  ;  mix  it  with  the  oil,  then  grind  the  litharge  in  oil 
and  add  it,  stirring  it  well  into  the  mixture.  The  varnish  and  turpentine  are 
added  last.     The  paint  is  used  for  the  iron  work  of  carriages. 

Olive  Paste. 

yellow  or  lire,  pulverized 6S. 

Lampblack l.l 

Boiled  oil    37., 

Spirits  turpentine 0.4 

Make  a  thick  paste  with  the  ochre  and  oil,  in  a  paint  pot,  and  with  the  lamp- 
black and  oil  in  another;  grind  them  together  in  small  portions,  and  keep  the 
mixture  in  a  tin  vessel. 
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Liquid  Olive  Color. 

Olive  paste 61.5 

Boiled  oil 20.5 

Spirits  turpentine 5-5 

1  >ryings 3.5 

Japan  varnish 2. 

Stirred  together  in  a  paint  pot. 

Brainard'8  Paint. 

Dissolve  10  lbs.  of  shellac  in  10  gals,  of  boiling  water,  adding  30  oz.  of  salera- 
tus.  Mix  this  solution  with  an  equal  quantity  of  paint  prepared  in  the  usual 
manner.     Tin's  paint  is  economical  and  durable. 

Quantity  of  paint  required  for  a  carriage. 


KIND  OF  CARRIAGE. 


Lead 
color. 


Olive. 


Black. 


Field  gun  carriage  and  limber,  with   implements.. 

Caisson,  with  limber  and  implements,  etc 

Forge,  with  limber ' 

Battery  wagon,  do 

Casemate  carriage  and  chassis,  with  implements. 
Barbette  carriage  and  chassis,  with  implements.. 


Lbs. 


Lbs. 


Lbs. 


10 

0.75 

IS 

0.8 

10 

1. 

13 

0.9 

14 

0.75 

11 

1. 

A  priming  of  lead  color  and  two  coats  of  olive  color  are  applied  to  new  wood 
work,  and  I  coat  of  lead  color  and  1  of  black,  to  the  iron  work. 


Paint  for  Tarpaulins. 

A  square  yard  takes  2  lbs.  for  3  coats. 

1. — Olive. — Liquid  olive  color 100 

Beeswax 6 

Spirits  turpentine 6 

Dissolve  the  beeswax  in  the  spirits  of  turpentine,  with  a  gentle  heat,  and  mix 
the  paint  warm. 

2. — Add  12  oz.  of  beeswax  to  1  gallon  of  linseed  oil,  and  boil  it  two  hours  ; 
prime  the  cloth  with  this  mixture,  and  use  the  same,  in  place  of  boiled  oil,  for 
mixing  the  paint.     Give  two  coats  of  paint. 
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Grey,  or  Stone  Color  (for  Buildings). 

1st.  2d. 

White  lead,  in  oil 7S 100. 

Boiled  oil 9..r) 20. 

Raw  oil 9.5 20. 

Spirits  of  turpentine 3. 

Turkey  umber   0.5 

Lampblack 0.25 0.25 

Yellow  ochre 3. 

Mixed  like  the  lead  color. 

A  square  yard  of  new  brick  work  requires,  for  2  coats.  1.1  lb.  j  for  3  coats, 
1.5  lb. 

Cream  Color  (for  Buildings). 

1st  coat.  2d  coat. 

While  lead,  in  oil 66.66 70. 

French  yellow 3.33 3.33 

Japan  varnish 1.33 1.33 

Raw  oil 28 24.5 

Spirits  turpentine 2.25 2.25 

A  square  yard  of  new  brick  work  requires,  for  1st  coat,  0.75;  for  2d  coat, 
0.3  lb. 

Wash  for  Buildings. 

Boil  half  a  bushel  of  flaxseed  in  5  gallons  of  water,  and  use  this  for  slaking 
1.5  gals,  of  lime.  Add  1  gal.  of  salt,  1  gal.  of  line  sand,  and  as  much  water  as 
may  be  necessary  to  thin  it.     Stir  it  frequently  to  prevent  the  sand  from  settling. 

To  give  this  wash  a  cream  color,  add  yellow  ochre  ;  for  a  grey  or  stone  color,  add 
lampblack,  previously  deadened  with  whiskey,  and  a  small  quantity  of  ochre. 

Linseed  oil,  with  a  small  quantity  of  glue  mixed  in  it,  is  sometimes  used,  in- 
stead of  flaxseed. 

To  make  the  wash  incombustible,  add  1  lb.  of  alum  and  j  lb.  of  potash. 

Lacker  for  Iron  Ordnance. 

1. — Black  lead,  pulverized 12 

Red  lead 12 

Litharge 5 

Lampblack 5 

Linseed  oil 6G 

Boil  it  gently  about  twenty  minutes,  during  which  time  it  must  be  constantly 
stirred. 


LACKERS. 
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Lacker  for  Iron  Ordnance. 

2. — Umber,  ground 3.75 

Gum  Bhelloc,  pulverized 3.75 

Ivory  black 3.75 

Litharge 3.75 

Linseed  oil 78. 

Spirits  of  turpentine 7.25 

The  oil  must  be  lirM  boiled  half  an  hour.  The  mixture  is  then  boiled  24 
hours,  poured  oil"  from  the  sediment  ami  put  in  jugs  corked. 

3. — Coal  tar  (of  good  quality) '2  pals. 

Spirits  of  turpentine 1  pint. 

The  turpentine  to  be  added  iu  small  quantities  during  the  application  ol  the 
lacker. 

In  applying  lacker,  the  surface  of  the  iron  must  be  lirM  cleaned  with  a  scraper 
and  a  wire  brush,  if  necessary,  and  the  lacker  applied  hot,  in  two  thin  coats, 
with  a  paint  brush.     It  is  best  done  in  summer. 

Old  lacker  should  be  removed  with  a  scraper,  or  by  BCOUring,  and  not  by 
healing  the  guns  or  balls,  by  which  the  metal  is  injured. 

About  5  gallons  of  lacker  are  required  for  100  field  tuns  and  1,000  shot;  about 
1  quart  for  a  sea  coast  gun. 

Lacker  for  Iron  Ordnance  (used  in  the  British  servii 

Anti-corrosion in  lbs. 

Grant's  black,  ground  .in  oil  4    " 

Red  Lead,  as  a  dryer ■'!     " 

Linseed   oil    I  jrals. 

Spirits  turpentine 1  pint. 

This  mixture,  when  well  stirred  aid  incorporated,  will  be  lit  for  use;  but  as 
by  long  keeping  in  this  state  it  becomes  hard,  no  more  should  be  mixed  than 
may  be  required  for  immediate  use. 

Anti-corrosion. —  Slag,  from  iron  foundries,  pounded 12 

Chalk 12 

Soot,  common 1 


Lacker  for  Small  Arms,  or  for  Water  Proof  Paper. 

Beeswax 13  lbs. 

Spirits  turpentine 13  gals. 

#    Boiled  linseed  oil 1  gal. 

All  the  ingredients  should  be  pure  and  ol'  the  best  quality.  Heat  them  to- 
gether in  a  copper  or  earthen  vessel,  ever  a  gentle  the,  in  a  water  bath,  until 
they  are  well  mixed. 
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Lacker  for  bright  Iron  Work. 

Linseed  oil,  boiled SO. 5 

Litharge 5.5 

White  lead,  ground  in  oil I]  .25 

Rosin,  pulverized 2.75 

Add  the  litharge  to  the  oil  ;  let  it  simmer  over  a  slow  fire  3  hours;  strain  it, 
and  add  the  rosin  and  while  lead;  keep  it  gently  warmed,  and  stir  it  until  the 
rosin  is  dissolved.     Apply  it  with  a  paint  brush. 

Varnish  for  Holsters,  Scabbards,  etc.  (or  Patent  Leather). 

For  1st  and  2d  coats  : 

Prussian  blue,  in  lumps 4. 

Sugar  of  lead 0.7 

Aquafortis 0.7 

Linseed  oil,  boiled 70. 

Spirits  turpentine 24.6 

The  ingredients,  except  the  turpentine,  are  boiled  together  in  an  iron  kettle  8 
hours,  when  the  mixture  will  assume  a  brilliant  black  color.  When  the  varnish 
is  nearly  cool,  stir  in  the  turpentine.  The  kettle  in  which  the  varnish  is  made 
should  be  of  a  capacity  to  hold  double  the  quantity  of  varnish  Lo  be  boiled. 

For  the  'id  or  /i/ii.t/tiug  coat. — Copal  Varnish. 

(huh  copal  (in  clean   lumps) 2(>.5 

Boiled  linseed  oil l-'.f> 

Spirits   turpentine 31. 

This  varnish  is  made  in  a  copper  vessel.  Bm attest  at  the  top,  in  the  form  of  a 
still. 

I'hi  the  copal  in  a  vessel,  set  it  on  a  charcoal  lire  lor  one  hour,  in  which  time 
it  will  melt,  and  all  the  watery  particles  will  evaporate.  Add  the  oil  whilst  the 
copal  is  warm,  but  not  boiling  hot.  When  nearly  cool,  add  the  turpentine,  which 
will  give  it  a  proper  consistency  for  use. 

For  f>  lbs.  copal  and  the  proper  proportions  of  oil  and  turpentine,  the  vessel 
should  hold  six  gallons. 
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Japan  Varnish. 

Litharge t 

Boiled  oil S7 

Spirits  turpentine 2 

Red  lead 6 

Umber 1 

On  in   shellac 8 

Sugar  of  lead 2 

White  vitriol ] 

Japan  varnish  is  generally  purchased  from  the  paint  sellers.  It  is  made  by 
boiling  over  a  slow  charcoal  lire  for  five  hours,  all  the  ingredients  except  the 
turpentine  and  a  small  portion  of  the  oil.  The  latter  is  added  as  required,  to 
check  the  ebullition  and  allay  the  froth  which  rises  to  the  surface.  It  must  be 
continually  stirred  with  a  wooden  spatula,  and  great  care  is  necessary  to  prevent 
it  from  taking  lire. 

The  turpentine  is  added  after  the  varnish  is  nearly  cool,  and  it  is  stirred  well 
in.    The  varnish  must  be  put  in  demijohns  or  close  cans,  and  kept  tightly  corked. 

Grease  for  Qarriagt   Wheels. 

Hog's  lard,  softened  (if  fresh)  by  working  it. 

If  this  cannot  be  procured,  tallow  or  other  grease  may  be  used;  if  hard,  it 
should  be  melted  with  fish  oil. 

About  1  lb.  of  grease  is  required  for  four  wheels. 

Booth's  Patent  Grease  for  Railway  Axles. 

Water 1  gal. 

Clean  tallow 3  lbs. 

Palm  oil 6  lbs. 

Common   Soda J  lb. 

Or,  Tallow 8  1  bs. 

Palm  oil 10  lbs. 

To  be  heated  to  about  210°,  and  to  be  well  stirred  until  it  cools  down  to  70°. 


Chapter    Eigiitii 


SMALL  ARMS  AND   ACCOUTREMENTS. 

NOMENCLATURE. 

Percussion  Musket. — Plate  15. 

Barrel.  1st  reinforce  (from  the  breech  to  the  corner  of  the  flats  anil  ovals 
1.S9  in.);  'Jd  reinforce  (to  the  lower  hand,  8.S  in.);  chase  (to  the  top  of  the  upper 
band,  'JS.GO  in.);  muzzle,  bayonet  stud,  breech,  flats  and  ovals,  cone  seal,  fence, 
vent,  bore,  thread  for  breech  screw,  thread  for  the  cone. 

Breech  Screw.  Plug-,  with  its  thread:  tenon,  shoulders,  tang,  tang  screw 
hole,  notch  for  side  screw,  chamfer. 

Tang  Screw:  shoulder. 

Cone:  Screw  thread,  shoulder,  square,  cone,  vent. 

Bayonet.  Blade:  point,  face  flute,  back  flutes,  edges  of  back  and  blade,  corn- 
ers, elbow,  neck.  Socket:  muzzle  end,  bridge  end,  bridge,  mortice,  shoulder  (or 
the  clasp,  stop  pin.     C/n*p  :  body,  studs,  bridge,  groove,  stop,  clasp-screw. 

Lock.  Lock  plate:  front  and  rear  ends,  middle,  sides,  bolsters,  chamfer,  con- 
vex; 3  holes,  for  the  pivots  of  the  main  spring,  and  bridle,  and  for  the  arbor  of 
the  tumbler;  0  screw  holes;  1  mortice  for  the  sear  spring  stud.  Hammer:  body, 
head,  comb,  countersink,  slit,  tumbler  hole — Tumbler:  body,  friction  shoulder, 
arbor,  square,  pivot,  hook,  half-cock  notch,  cock  notch,  screw  hole — Tumbler 
screw.  Bridle:  body.  eye.  pivot,  three  holes  lor  the  tumbler  pivot,  sear  screw 
and  bridle  screw — Bridle  screw.  Sear:  body,  eye,  nose,  tang  screw  hole,  fric- 
tion shoulder — Sear  screw.  Sear  spring:  blade  (upper  and  lower  branch  and 
elbow),  eye,  stud,  notch,  chamfer,  screw  hole — Sear  spring  screw.  Main  spring: 
blade  (upper  and  lower  branch  and  elbow),  hook,  pivot,  eye  (rest  and  point), 
chamfer,  screw  hole — Main  spring  screw. 

Two  Side  Screws. 

In  all  the  screws  ihe  parts  are  :  the  stem,  the  head,  the  slit,  the  thread. 

Mountings.     Upper   band:   body,  pipe   for  the   rod,   back,    upper   and    lower 
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straps,  creases,  sight,  groove,  tang,  hole  for  the  hand  spring  pivot.  Upper  batift 
taring:  stem,  wire  shoulder,  pivot.  Middle  band:  body,  stud,  creases,  hole 
for  the  swivel  rivet.  Middle  band  swil ■< I :  wire.  eye.  holes  in  the  eye.  rivet. 
Middle  /"ind  spring:  stem,  wire,  shoulder.  Lower  band:  body,  lang,  creases. 
Ijiiu-d  band  spring:  same  ;is  middle  band  spring.  Side  plate:  body,  eyes  and 
holes  for  tin'  side  screws.  Guard.  Guard  plate:  body,  bolsters,  trigger  stud, 
2  holes  for  the  guard  how.  2  lor  wood  screws,  1  for  tang  screw,  1  for  trigger 
screw.  Guard  how:  body,  pillars,  steins  with  their  screw  threads,  swivel  stud 
and  hole;  2  nut*  for  stems — Swivel  and  rivet.  Trigger:  blade,  tang  or  finger 
piece,  hole  for  the  screw.  Trigger  screw — Two  wood  screws  for  guard  plate. 
Butt  platt  :  body,  toe,  heel,  corners,  tang,  screw  holes.  Two  wood  screws  lor 
butt  plate. 

Ramrod.  Stem,  head,  screw.  Ramrod  spring:  stem,  eye.  spoon.  Pin  for 
rod  spring.     Stop  for  rod. 

Stock.  Butt,  comb,  handle,  head,  facings,  1st  and  2d  reinforce,  chase,  shoul- 
ders for  the  lower  and  middle  bands;  grooves  for  the  barrel  and  ramrod;  beds  for 
the  tang  and  tenon,  lock,  side  plate,  guard  plate,  nuts  of  the  guard  bow  and 
trigger  stud,  butt  plate,  rod  Spring  and  band  springs  ;  mortices  for  the  trigger 
and  rod  stop;  holes  for  the  rod.  the  side  screws,  tang  screw,  guard  screws,  butt 
plate  screws,  band  springs,  and  pin  for  t tie  rod  spring. 

Implements.  Screwdriver,  with  cone  wrench.  Wiper — Bolt-screw — Spring- 
vice, 

Materials  of  which  the  parts  are  made. 

Steel:  Tumbler,  scar,  lock  springs,  band  springs,  ram  rod  spring,  ramrod,  blade 
of  the  bayonet,  Bcrew-driver,  wiper  and  ball  screw. 

Brats :  Sight. 

Wood:  Stock  (black  walnut). 

Iron:  Socket  of  the  bayonet,  and  all  the  other  parts  not  enumerated  under 
the  three  preceding  heads. 

NOTE. — The  brass  for  parts  of  small  arms  is  composed  of  SO  copper.  17  zinc 
and  3  tin. 

Flint  Musket.— V-AttQvu  of  L840. 

(Sec  first  edition  of  Ordnance  Manual.) 
This   arm  is  like   the   new  percussion    musket,  except   in   the  parts   relating  to 
the  mode  of  priming,  viz: 

Harrel.     Omit  cone  s,nt  anil  cone. 
LoCK.      Omit  Immune. 

Add:   Pan  (brass) — pun  eorew — battery  and  battery  screw- — battery  spring 
(steel) — battery  spring  screw — cock — -tipper  jaw — flint  screw. 
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Flint  Musket— Pattern  of  1822. 


Of  this   kind  are  most  of  the  musket 
being  altered  to  percussion.     The  bayo 

Barrel  :    bayonet  »tn<!. 
Brrri  a  SCREW. 
Tang  screw. 
Bayorbt  :  blade,  socket. 

Lock  plate  ;  2  side  screws, 

/'mi  ;  pan  j< 

Until  ,i/  ;  battert/  screw. 

Bath  iji  spring}. 

Battery  "jnh/i/  ^•■n  »-. 
3  -\  Cock;  ii/i/irr  faw  ;  flint  screws. 

Tumbler  :  tumbler  sort  w. 

Bridle  :  In  iilh  sen  n\ 

Si  in- ;  st  ar  sen  w. 

Sear  spring  :  x<<ir  spring  screw. 

Main  spring  ;  main  spring  screw's. 
Two  BIDE  SCREWS. 

Implements. — Sen  u>-driver —  Wiper — 


store  at  the  Arsenals,  which  are  now 
net  has  no  clasp. 

[  I  pper  Iimiii •  sight, 

I  'pper  ha  mi  spring. 

Middle  band, 

3Iiddle  band  swivel  and  rivet, 

Miihlli  band  spring. 

Lower  band, 
-[  Lower  band  spring. 

Side  plate. 

Guard:  guard  plate;  guard  bow. 

Swivel  and  rivt  t. 

Trigger  ;  trigger  pin. 

Guard  plate  screws  (2). 

Butt  plate  ;  2  butt  plate  screws. 

Ramrod. 

Stock. 

Ball-scrt " — Spring-met  ■ 


Materials. 

Steel:  Face  of  the  battery,  lock  springs,  ramrod.  Made  of  the  bayonet,  screw- 
driver, wiper  and  ball  screw. 

Brass:   Pan  and  sight. 

Wood:  Stock. 

Iron:  Bayonet  socket,  back  of  the  battery,  and  all  the  other  parts  not  enume- 
rated under  the  three  preceding  heads. 


Alteration  of  Flint  Muskets  to  Percussion. 

The  Barrel  is  altered  :  1st,  by  closing  the  vent  in  the  side,  and  boring  a  new 
vent  on  the  upper  part  of  the  barrel  ;  2d,  by  upsetting  a  cone  seat  in  the  metal  of 
the  barrel  and  putting  in  a  percussion  cone.  The  screw  thread  of  the  cone  for 
altered  muskets  is  a  little  shorter  than  that  for  the  new  muskets,  so  that  it  may 
not  project  into  the  bore. 

The  Lock  is  altered  :  1st,  by  removing  the  cock,  the  battery,  battery  serao,  battery 
spring,  "ml  battery  spring  screw;  2d,  by  culling  off  the  pan,  near  the  face  of  the 
lock  plate,  filling  up  the  hollow  of  the  remaining  part  with  brass,  soldered  in. 
and  dressing  oft"  the  upper  surface  even  with  the  top  of  the  lock  plate;  3d, 
replacing  the  cock  by  a  percussion  hammer;  4th,  filling  up  the  holes  of  the  battery 
screw  and  the  battery  spring  screw  with  pieces  of  those  screws,  rounded  on  the 
outer  end,  and  filling  the  pivot  hole  of  the  battery  spring  with  wire. 
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Percussion    Eifli . 


Barrel:  tight,  guide,  grooves,  bands. 

i  '.  u  .     Hi ■  ■  ch  sen  to  :  tang  sen  w. 
Lock  :  lock  plat* :  hammer;  tumbler;  turn- 

1,1,  r  s,,;  ,r  .-   I, rid  I,   ;  briil 'It:  xcrt  ir  ;  vein-  : 

setu-  screw;    sear   spring;   sear  spring 

Screw  :   rutin  spring  ;  main  sprint 
Two  BIDE  BCREWS. 

Mountings:  upper  band,  with  swivel  stud. 
Upper  band  swivel  and  rivet. 
I  pper  band  spring. 

1. mrer  I. mut :  inner  band  spring. 
Sidi  plate. 

Guard  plate  :  guard  bow  and  nuts. 
Guard  bow  swivel  and  rivet. 


Trigger  :   trigger  screw. 

(inn.  1/  plati  screw. 

Butt  plati  :  2  lintt  plate  screws. 

/:,,.,■  plate  :  the  lid  and  the  Btrap  joined 
bj  a  liini/i  and  r»m  t. 

Three  box  plate  screws. 

I'm. i-  plate  spring  ;  screw,  for  do. 

Box  plate  catch  ;  2  rivets. 
Ramrod:  rod  spring  and  pin  ;  stop. 
Btoi  1.  :  patch  !'■  .'■■ 
I m i'i.km  1: \ts  :    screw    driver,    with    cone 

wrench  :    wiper;    hull    screw;    spring 

riri  ;  bulli  1  mould. 


Materials. 

Steel:  Cone,  guide,  tumbler,  sear,  lock  springs,  hand  springs,  rod  spring,  box 
spring,  ramrod  (except  the  head),  screw  driver,  wiper,  hall  screw.  Some  of  Ihe 
barrels  arc  nisi w  made  of  cast  steel. 

Brass:  Sight,  bands,  guard  plate,  guard  how,  side  plate,  butt  plate,  box  plate 
and  strap,  bead  of  ramrod. 

Wood:  Slock. 

Iron  :    Parti  Dot  enumerated  under  the  preceding  heads. 


Cavalry  Mushetoon — Porcussion. 


Barrel:  swivel  stud;  rune;  breech  screw; 

tang  screw  ;  smivi  I. 
Lot  i<  :  same  as  for  rifle. 
Two  sun;  BCREW8. 
M111  ktinos  :  upper  band  and  sight. 

I  rppt  r  band  spring. 

Lower  band  :  swivel  bar  stud. 

Swivel' bar ;   ring;  screw  nut. 

Sidi  plate. 


Guard  plati  :  guard  bow  and  nuts. 

I  riggi  r  ;  triggt  r  screw, 

2  guard  plati  screws, 

/luii  plati  :  2  butt  plate  screws. 
Ramrod:  hi  ad  ;  button. 
Ramrod  Swivel:    2  side  bars;   screw 

it. ris. 

Stock. 

LhpleHENTS,  same  as  for  the  musket. 


Materials. 

Cone,  tumbler,  sear,  lock  springs,  hand  spring,  ramrod  (except  the 
head),  screw-driver,  wiper  and  ball  screw. 

Brass:  Bands,  side  plate,  guard  plate,  guard  how,  butt  plate. 

Wood:  Slock. 

Iron  :  Head  of  ramrod  and  ail  the  other  parls  not  enumerated  under  the  three 
preceding  heads. 
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Artillery  Musketoon — Percussion — Plate  15. 

Trigger;  trigger  screw. 


2  guard  plate  screws. 

Swivel  plate  and  stud y  2  screws. 

Swivel  and  fivet. 

lintt  plate  ;  2  butt  plate  screws. 

Ramrod  spring,  and  pin. 

]la  m  rod  stop. 
Stock. 
Implements,  the  same  as  for  the  nui; 

ket. 


Barrel — Bayonet  stud ;  cone. 
Breech  screw;  tang  screw. 

Lock — Same  as  for  rifle. 

Two  SIDE  SCREWS. 

Mountings:   Upper  hand  and  sight. 
Upper  band  spring. 
Lower  band,  and  swivel  stud. 
Lower  band  spring. 
Lower  band  swivel  and  rivet. 
Side  pi  ate. 
Guardplatt  ;    guard  how  and  tints. 

N.  B. — The  musket  bayonet  may  be  used  wilta  this  arm. 

Materials. 

Steel:  Cone,  tumbler,  sear,  lock  springs,  band  springs,  ramrod,  screw-driver. 
wiper,  and  ball  screw. 

Brass:  Sight       Wood:  Slock.     Iron:  The  remaining  parts. 

Sapper  s  Musketoon — Percussion. 

Tin's  arm  is  the  same  as  the  artillery  musketoon,  with  the  addition  <>f  an  upper 
band  stud  on  the  barrel,  and  a  catch  stud  on  the  upper  band,  lor  the  8 word 
bayonet. 

Sword  Bayonet  :  Blade  (steel);  gripe  and  guard  (brass),  in  one  piece:  slot 
for  the  catch  stud;  socket  for  the  barrel:  clasp  and  clasp  screw,  similar  to  those 
on  the  musket  bayonet — Scabbard  (leather),  with  brass  band  ana 'tip.  $ 

Pistol — Percussion. — Plate  15. 

Barrel:  Sight;  swivel  stud.     Cone.     Breech  Screw  ;   Tang  screw. 

Lock:  Same  parts  as  for  the  musket  and  rifle.     Two  side  screws. 

Mountings:  Band  and  side  plate,  in  one  piece — guard  plate — guard  plate  screw — 
trigger — trigger  screw — guard  bow — g  uard  bow  nuts — butt  plate — butt  plate  screw. 

Ramrod  :  Button — head,  riveted  on. 

Ramrod  Swivel:  Two  side  bars — 1  screw — 1  cross  bar.  riveted  into  the  side  bars. 

Stock. 

Implements:  Screw-driver  and  cone  wrench — wiper — ball  screw — spring  vice — 
bullet  mould. 

Materials. 

Steel:  Cone,  tumbler,  sear,  lock  springs,  ramrod  (except  the  head),  screw- 
driver, wiper,  and  ball  screw. 

Brass:   Sight,  band  and  side  plate,  guard  plate,  guard  bow,  butt  plate. 

Wood:  Stock. 

Iron  :   Head  of  ramrod  anil  the  remaining  parts. 

The  tumbler  of  the  pistol  is  now  made  with  a  safety  notch,  in  place  of  the  half- 
cock  notch. 
11 
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//.ill's  Carbine — Percussion. — Plate  15. 

This  is  -,i  cavalry  carbine,  which  loads  ;it  the  breech  by  means  of  a  movable 
chamber  called  the  reviver. 

Babbbl:   Ramrod ettid,  sight,  guide. 

Two  BuPPOBTBRB  !  Each  with  two  holes  for  supporter  screws,  2  holes  for  side 
screws.  1  fur  swivel  bar  and  1  for  chock  BCrews — I  supporter  screws]  the  heads 
are  countersunk  in  the  supporters,  and  they  are  dressed  smooth  and  llnsh  with 
the  outer  face  of  the  supporters,  which  are  permanently  connected  with  the  bar- 
rel by  these  screws,  and  by  being  soldered  in  place. 

Two  Chocks:  2  choci- screws. 

Receiver  and  Lock:  Bore,  shoulder  for  the  chocks,  cone  seat,  vent,  slot  lor 
the  side  screw,  mortise  for  the  lock,  stud  for  the  catch — Coue — Hammer  and 
tumbler,  in  one  piece;  slit  for  the  link — tumbler  screw — sear  and  trigger,  in  one 
piece;  slot  for  side  screw — sear  screw — sear  spring — sear  spring  eerew — link — link- 
screw — main  spring — main  spring  screw — catch — catch  screw — catch  spring — catch 
tpring  screw. 

Two  BlDE  Screws:  One  of  them  is  the  axis  of  the  receiver;  the  other  passes 
through  the  supporters  and  the  butt  piece. 

Bun  Piece — llutt  puce  screw,  passing  through  the  supporters  and  the  butt 
piece. 

Atk'in:  Lining  of  the  stock,  at  the  junction  of  the  barrel  and  receiver — Stop, 
riveted  to  the  apron  for  the  receiver  to  rest  on.  The  apron  and  slop  have  a  screw 
hole  tapped  to  receive  the  front  guard  plate  screw. 

Mountings  :  Upper  band — ramrod  spring,  riveted  to  the  upper  band — upper  band 
tpring — lower  band,  with  stud  for  swivel  bar — swivel  bar;  the  rear  end  is  a  side 
screw  for  the  supporters — swivel  screw — swivel  ring — guard  plate;  2  studs  (or  the 
catch  lever — guard  bom — guard  bow  nittx— catch  lerer  mid  pin— three  guard  plate 
screws — butt  plate — 2  butt  plate  screws. 

IIamkod. 

Stock. 

Implements :  Screw-driver  and  cum  wrench — wiper — spring  rice — bullet  mould. 

.Materials. 

Steel:  Chocks;  hammer  and  tumbler;  link,  sear  part  of  trigger;  all  the 
Springs;   ramrod. 

Braes :  Jsjjr|,t  ■  hands:   guard  plate  ;  guard  bow  ;  butt  plate. 

Wood :   Stock. 

Iron  :   The  remaining  parts. 

For  description  of  llall'it  lli/le  (flint  lock),  see  first  edition  of  Ordnance  Manual. 
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INSPECTION  OF  SMALL  ARMS. 

All  the  material*  used  in  the  manufacture  of  arms  must  be  <>t  the  beat  quality, 
and  they  should  be  tested  by  the  Inspectors,  according  to  the  methods  indicated 
in  Chapter  XIV. 

The  wood  lor  gun  stocks  should  be  seasoned  at  least  3  years  and  kept  in  a  dry 
place  -  years  before  being  worked  :  it  must  be  free  from  knots  and  >;ip.  and  no 
wood  which  is  brash  or  light  (cut  from  old  trees),  or  worm  eaten,  or  in  any  degree 
decayed,  or  which  is  cut  across  the  grain  at  the  handle  of  the  stock,  or  which  is 
kiln  dried,  should  be  used  or  received. 

The  following  rules  lor  inspection  apply  more  particularly  to  the  percussion 
musket,  when  not  otherwise  stated,  but  the  principles  and  most  of  the  details  of 
the  inspection  are  the  same  for  all  fire  arms,  whether  made  at  the  national  armo- 
ries or  by  contract  at  private  establishments. 

The  attention  of  the  inspecting  officers  should  be  directed,  as  much  as  possi- 
ble, to  the  operations  of  the  workmen  in  the  course  of  the  fabrication  of  arms. 

Each  component  part  is  first  inspected  by  itself,  and  afterward  the  arm  in  a 
finished  state. 

The  materials  and  the  forms  and  dimensions  of  all  the  parts  must  conform 
strictly  to  those  of  the  established  patterns;  the  workmanship  and  finish  must 
be  equal  to  those  of  the  model  arms,  and  the  several  parts  must  be  browned, 
hliied.  case  hardened,  or  polished,  as  in  the  Standard  model. 

The  forms  and  dimensions  of  the  parts  are  verified  by  means  of  the  following 
yes: 

List  of  Verifying  Gauges  for  the  Percussion   Musket. 

Bach  set  of  sauges  is  distinguished  by  the  letter  with  which  it  is  marked.  The 
pieces  of  the  same  set  arc  numbered,  as  in  the  following  list.  In  some  eases 
n/r/i  groove  of  a  gauge  is  numbered  ;  for  instance,  those  ol  the  barrel,  rod,  and 
bayonet  gauges:  these  numbers  will  not  lie  found  on  the  list. 


No.  FOR    BARRELS. 

1  1  Slock  gauge  for  the  length  of  the  barrel  and  rod. 

2  J  Groove  gauge  foi  the  diameters  of  the  barrel. 

3  1  Standard  plug,  1 

4  1  Limit  plug,         !■  for  the  calibre  of  the  barrel. 
•r>  1  Taper  plug,        J 

6  1  Tap  and  die  for  the  barrel  and  breech  screw. 

7  1  Standard  tap  and  die  for  the  cone  scat  and  cone. 

8  1  Tap  gauge  for  tin'  depth  of  thread  in  the  cone  seat. 

'.'  1  Groove  gauge  lor  the  finished  barrel  and  breech  screw. 

,.|  '■!  Gauges  for  the  exterior  of  the  cone  seat. 

12  1  Receiving  gauge  for  the  barrel  and  breech  screw. 
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No.  musket — barrel — Continued. 

13  1  Gauge  for  the  vent. 

14  1  Receiving  gauge  for  the  muzzle. 

15  1  Groove  and  tap  gauge  lor  the  cone. 

FOR    LOCKS. 

16  1  Pattern  for  lock  plates. 

17  1  Groove  gauge  for  lock  plates. 

18  1  Receiving  and  groove  gauge  for  tumblers. 

19  1  Receiving  ami  groove  gauge  for  bridles. 

20  1  Receiving  and  groove  gauge  for  sears. 

21  1  Size  gauge  for  the  hole  in  the  sear. 

22  1  Groove  gauge  for  hammers. 

23  1  Gauge  for  the  Net  and  lejigth  of  the  hammers. 

24  1  Receiving  gauge  for  hammers. 

25  1  Gallic  dnlt  for  tumbler  holes. 
20  1  Groove  gauge  for  main  spings. 
27  1  Groove  gauge  for  sear  springs. 

2S  1  Groove  and  lap  gauge  for  the  lock  screws,  and  for  all  the  screws  except 
the  wood  screws. 

29  1  Gauge  lor  depth  of  tumbler  screw  hole. 

30  1  Receiving  gauge  for  finished  locks. 

FOR  MOUNTINGS  AND  OTHER  PARTS. 

31  1  Pattern  and  receiving  gauge  for  butt  plates. 

32  1  Groove  gauge  for  butt  plates. 

33  1  Groove  gauge  for  bands. 

34  1  Gauge  mandril  for  lower  bands. 

35  1  Gauge  mandril  lor  middle  bands. 

36  1  Gauge  mandril  for  upper  bands. 

37  1  Groove  and  receiving  gauge  for  guard  plate  bow  and  nuts. 

3S  1  Tap  gano-e  (or  tang  screw  hole,  trigger  stud,  and  guard  bow  nuts. 

39  1  Receiving  gauge  for  guards. 

40  1  Receiving  and  groove  gauge  for  triggers. 

41  1  Receiving  and  groove  gauge  for  lower  and  middle  band  spriugs. 

42  1  Receiving  and  groove  gauge  for  upper  band  springs. 

43  1  Receiving  and  groove  gauge  for  side  plates. 

44  1  Receiving  and  groove  gauge  for  rod  springs  and  wire  pins. 

45  1  Groove  and  plug  gauge  for  swivels. 

46  1  Groove  gauge  for  breech  plate  and  guard  screws  (wood  screws). 

47  1  Receiving  gauge  for  bayonets. 

48  1  Scabbard  gauge  for  bayonets. 

49  1  Groove  gauge  for  bayonets. 

50  1  Plug  for  bayonet  sockets. 

51  1  Groove  and  plug  for  bayonets  and  socket  clasps. 

52  1  Groove  and  pattern  gauge  for  bayonet  necks. 

53  1  Grooved  and  tapped  gauge  for  rods. 

54  1  Groove  gauge  and  pattern  for  rod  stop. 

55  1  Apparatus  lor  testing  lock  springs;  consisting  of  a  stock,  scale  beam, 

and  brass  pods  weighing  10  pounds. 

56  1  Gauge  for  the  angle  of  the  stock,  and   positions  of  the  bands  on  the  fin- 

ished musket. 
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No.  MUSKET — APPENDAGES. 

57  2  Hand  screw  drivers  for  locks. 

58  2  Hand  screw  drivers  tor  guard  bow  nuts  and  trigger  screws. 

59  1  Bend  screw  driver  for  side  screws. 

CO  1  Iron  brace  with  screw-drivers.  » 

CI  1  Cone  wrench. 

1  Charger  for  first  proof  charge — 1-1  St li  of  a  pound. 

G3  1  Charter  for  second      do.  l-22d  do. 

01  1  Bench  hammer. 

65  1  Punch  for  wire  pins. 

CO  1  Punching  wire. 

67  )  Pair  of  small  steel  callipers. 

63  1  Steel  square  divided  into  inches  and  decimals  of  an  inch. 

Gauges  for  Percussion  Rifle. 

BARREL. 

1  Stock  gauge  for  length  of  barrel  and  rod. 

2  Groove  gauge  lor  barrel. 

3  Standard  plug  for  calibre  of  barrel. 
-1  Limit  plug  lor  calibre  of  barrel. 

•r>  Tap  for  barrel. 

6  Die  for  breech  screw. 

7  Receiving  gauge  for  breech  screw  and  barrel. 

8  Groove  gauge  for  adjusting  breech  screw. 

9  Receiving  gauge  for  barrel,  and  plug  with  screws  for  verifying  the  thread 

for  the  cone. 

10  Groove  gauge  for  cone  scat 

1 1  Plug  gauge  lor  vent. 

12  Groove  gauge  for  guide  and  sight  of  barrel. 

13  Charger  for  L-28th  lb.  powder. 

14  Charger  for  l-32d  lb.  powder. 


CONK. 


♦ 


15  Groove  gauge,  with  holes,  for  size  of  cone. 

16  Plug  gauge,  with  3  points  for  the  :i  sections  of  the  cone  orifice. 

17  Plug  gauge  'or  cone  orifice,  middle  and  upper  end. 

18  Tap  grinder  for  making  chasers  fir  cone  screw  thread. 

19  Tap  grinder  for  making  chasers  for  the  breech  screw  thread. 


20  Receiving  gauge,  with  holes,  for  lock  plate. 

21  Tair  of  patterns  for  lock  plate. 

22  Pattern  for  interior  of  lock  plate. 

23  Pattern  for  bevel  of  lock  plate. 

24  Groove  gauge  lock  plate. 

'-'f>  Pattern  for  the  hole  for  sear  spring  stud. 

Pattern  with  axis  pivot  for  hammer. 

27  Plug  gauge  and  sweep  for  the  cup  and  position  ol  hammer. 

28  Plug  lor  the  axis  hole  and  cup  of  hammer. 

29  Groove  gauge  for  hammer. 

30  Receiving  gauge  with  grooves  and  holes  for  tumblers. 
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No.  rifle — lock  —  Continued. 

31  Pattern  for  tumbler. 

32  Plug  gauge  for  depth  of  screw  hole  in  tumbler. 

33  Receiving  gauge  with  grooves  for  bridle  and  pin  for  pivot  hole  in  bridle. 

34  Receiving  gauge  with  grooves,  etc-.,  lor  sears. 

35  Groove  gauge  with  patterns,  etc.,  for  lock-  springs. 

30  Groove  and  lap  gauge  for  lock,  tumbler,  side,  and  box  spring  screws. 

37  Gauge,  with  holes,  lor  tumbler,  axis  pivot  and  main  spring,  and  bridle  pivot. 

33  Apparatus  for  testing  lock  springs. 

MOUNTINGS. 

39  Receiving  fraupe  (or  breech  plates. 

40  Groove  gauge  with  square  for  breech  plate. 

41  Gauge  plus;  for  lower  bands. 

42  Gauge  plug  for  upper  bands. 

43  Groove  gauge  for  bands. 

44  Plug  gauge  for  orifice  of  rod  hole  and  band  spring  pivot  hole  in  upper  bands. 

45  Receiving  gauge  for  guard  plates. 

40  Groove  gauge  with  pattern  for  gua'rd  how. 

47  Groove  gauge   tapped,    and   with   holes    for  guard    plate,   guard    bow,  and 

guard  bow  nuts. 

48  Receiving  and  groove  gauge  for  trigger. 

49  Receiving  and  groove  gauge  for  lower  band  spring. 

50  Receiving  and  groove  gauge  for  upper  band  spring. 

51  Receiving  gauge  with  pattern  lor  side  plate. 

52  Groove  gauge  with  plug  for  swivels. 

53  Groove  and  lap  gauge  lor  tang,  breech  plate,  guard  arid  trigger  screws. 

54  Groove  and  tap  srauge  for  ramrods. 

55  Receiving  and  groove  gauge  for  rod  spring  and  pin. 
5G  Groove  gauge  and  pattern  for  box. 

57  Groove  gauge  for  box  spring  and  catch. 

58  Gauge  for  angle  of  stock. 

59  Gauge  for  handle  and  comb  of  stock. 

GO  Screwplate    for  cone  thread,  side,  lock,  tang,  box  spring,  trigger,  and   rod 
screws. 

APPENDAGES. 

Gl  Hand  screw  driver  for  lock  screws. 

62  Hand  screw  driver  for  guard  bow  nuts. 

G3  Hand  screw  driver  for  trigger  screw. 

Gl  Hand  screw  driver  for  side  and  breech  plate  screws. 

G5  Bench  hammer. 

G6  Punch  for  wire  pins  and  band  springs. 

Gauges  for  the  Percussion  Pistol. 

FOR  THE  BARREL. 

1  Groove  gauge  for  rough  barrel. 

2  Tap  and  die  (or  breech  screw. 

3  Tap  for  cone  seal. 

4  Gauge  and  die  for  cone  thread. 

5  Gauge  pin  for  vent. 
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No.  PISTOL — barrel — Continued. 

6  Plug  for  calibre  of  barrel. 

7  iiroove  i;  ;i  1 1 lt< ■  for  finished  barrel. 
9        Receiving  gauge  for  barrel,  with  pin  lor  cone  seat. 

«  rauees  h>r  exterior  of  cone  Beat. 


,';:;■ 


11  Gauge  for  length  of  barrel  and  rod,  and  for  the  rod  and  swivel. 

12  Groove  and  size  gauge  lor  cone. 


13  Groove  gauge  lor  lock  plate. 

11  Pattern  for  lock  plate. 

15  Gauge  phi  for  pivots  of  bridle  and  main  spring 

16  Groove  gauge  for  hammer. 

17  Pattern  gauge  for  hammer. 

lb  Gauge  for  tumbler  bole  and  length  of  hammer. 

19  Groove  and  receiving  gauge  for  tumbler. 

20  Gauge  for  depth  of  tumbler  screw  hole. 

21  Groove  and  receiving  gauge  for  bridle. 

22  Groove  and  receiving  gauge  for  sear. 

23  Gauge  pin  for  screw  hole  in  sear. 

24  Groove  and  pattern  gauge  for  main  spring. 

25  Groove  and  pattern  gauge  for  scar  spring. 

26  Receiving  gauge  for  lock. 

27  Apparatus  for  testing  lock  springs. 
2b  Groove  and  tap  gauge  for  screws, 


FOB  MOUNTINGS.  ETC. 

2'J  Receiving  gauge  for  breech  plate. 

30  Groove  gauge  for  breech  plate  and  hand. 

31  Receiving  gauge  for  guard. 

32  Groove  gauge  for  guard  plate  and  how. 

33  <  rauge  for  trigger  mortise  and  stud. 

31  Groove  and  receiving  gauge  for  (rigger. 

35  Groove  and  receiving  gauge  for  side  plat*. 

30  Recei  ving  gauge  for  hand. 

37  Groove  gauge  h>r  stock*. 

38  Gauge  for  length  and  shape  of  finished  arm. 

APPENDAGES. 

39  Brace  with  screw  drivers  and  cone  wrench. 

ID   ) 

11  r  Hand  screw  drivers,  lor  .--lit  BCreWB. 

12  J 

13  Screw  driver  for  guard  how  nut. 
4  I  I  land  hammer. 

15  Sheel  square. 

16  Charger  for  1st  proof  charge,  1  -.12*1  11>. 

17  Charger  for  2d  proof  charge,  I -40  th  lb. 
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Inspection  of  Barrets. 

The  first  inspection  of  the  barrel  is  made  after  it  is  reduced  to  the  dimensions 
required  for  proof,  which  are  verified  by  the  proper  gauges  for  that  purpose. 
These  dimensions  are  nearly  the  same  as  those  of  the  finished  barrel  (not  more 
than  0.003  in.  greater  in  the  exterior  diameter,  and  0.003  in.  less  in  the  diameter 
of  the  bore),  leaving  only  sufficient  surplus  metal  (about  H  oz.  in  a  musket  barrel) 
to  enable  the  workman  to  dress  the  barrel  in  fine  boring,  and  to  remove  the 
marks  made  in  straightening  the  barrel  after  proof.  The  thread  for  the  breech 
screw  in  the  barrel  must  be  cut,  and  the  bayonet  stud  brazed  on.  The  inspector 
will  see  that  the  exterior  and  interior  dimensions  of  the  barrel  are  correct  ;  that 
there  are  no  interior  hammer  marks,  ring  bores,  cinder  holes,  Saws*,  cracks  or 
other  defects,  which  will  not  disappear  in  the  finishing,  and  that  the  thread  of  the 
breech  screw  is  accurately  cut. 

The  barrels  rejected  for  defects  that  cannot  be  remedied  will  be  stamped  on 
the  upper  side,  in  a  line  with  the  vent,  with  the  mark  of  condemnation,  which 
will  be  in  all  cases  the  letter  C.  If  the  defect  is  of  such  a  nature  as  not  to  pre- 
vent the  use  of  the  barrel  for  a  shorter  arm,  when  cut  off,  the  mark  will  be  made 
on  the  defective  part. 

Proof.  The  barrels  which  pass  this  inspection  will  then  be  proved  by  being 
fired  twice,  with  the  following  charges: 


KIND    OF    UARRKL. 


1st  charge. 


2d  charge. 


Size  of  ball. 


Size  of  wad. 


d 


Musket , 

Musketoon 

II  all's  carbine  .  , 

Rifle 

Pistol 


Lbs. 

1-lNli 

L-22d 

l-2Nh 

l-2Sth 
1  -32d 


en 


No. 
1 

1 


No. 

Lbs. 

2 

l-s22d 

2 

L-2Sth 

o 

1  -32d 

2 

L-32d 

2 

MOth 

No. 
1 

1 
1 
1 

1 


No. 
2 
2 


Lbs. 
1 -1.-th 
M5th 
l-32d 
l-32d 
l-32d 


Square. 


In. 
0.67(5 

0.070 
0.5<tf 

0.52  .ri 
6.525 


In. 

I. 
A. 

3.25 
3.25 
3.25 


One  wad  is  placed  on  the  powder  and  the  other  on  the  ball  (the  upper  ball 
when  there  are  two),  and  the  charge  is  well  rammed  with  copper  rods.  The  wad 
occupies,  when  rammed,  about  3  in.  in  the  length  of  the  barrel. 

The  barrels  are  closed  for  proof  either  with  their  breech  screws  (in  which 
case  the  vent  must  be  drilled  before  proof),  or  with  proving  plugs  having  vents 
in  them. 

The  barrels  of  Hall's  arms,  being  without  threads  for  breech  screws,  are 
closed  with  smooth  proving  plugs  0.7  in.  long,  fitting  tight  to  the  barrel      The 
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plug  is  held  in  its  place  by  a  wedge  bearing  against  a  siirrup  attached  to  a  collar 
which  n-M>  against  the  shoulder  of  the  barrel;  these  barrels  are  proved  before 
the  supporters  are  attached  io  them;  they  are  loaded  at  the  muzzle  like  other 
barrels. 

Kuli'  barrels  arc  proved  before  being  rifled. 

Musket  powder  will  he  used  lor  proving  the  barrels  of  musket*  and  musket- 
oons :  rifle  powder  for  all  the  others.  The  powder  must  be  of  the  best  quality, 
giving  a  range  of  not  less  than  250  yards  by  the  mortar  eprouvetlej  it  must  he 
proved  immediately  before  being  used,  unless  it  shall  have  been  proved  within 
one  year,  and  the  inspector  lias  no  reason  to  suppose  that  it  has  become  deteri- 
orated. 

The  measures  lor  the  proof  charges  should  be  of  a  conical  form,  with  the 
in. miiIi  as  small  as  may  be  convenient,  in  order  that  there  may  he  less  variation 
in  the  quantity  of  powder.  Their  dimensions  will  he  determined  by  the  rule  in 
Cbaptbb  X. 

Before  commencing  the  proof  of  barrels,  the  inspector  will  satisfy  himself  as 
to  the  quality  and  proof  of  the  powder,  the  size  rtf  the  halls  and  of  the  wads. 

The  inspector  will  observe  the  greatest  caution  in  having  the  barrels  properly 
loaded  :  lor  which  purpose,  after  they  arc  placed  on  the  proving  bed,  Ik;  will  pass 
a  ramrod  in  each  barrel,  to  verily  the  accuracy  of  the  charge. 

Alter  ihe  discbarge  he  will  again  pass  the  ramrod  into  each  barrel,  and  those 
which  have  missed  lire  will  be  pricked  and  primed  and  discharged,  before  pro- 
ceeding to  the  second  proof  charge. 

Alter  the  second  proof  charge,  the  inspector  will  examine  the  barrels  which 
have  burst  and  note  the  cause  of  delect,  whether  in  the  materials  or  workman- 
ship. 

lie  will  then  examine  those  which  have  not  burst,  and  he  will  mark,  as  con- 
demned, any  which  are  evidently  dele. ■live:  the  others  will  receive  the  proof 
stamp,  viz.  :  the  initials  of  the  inspector's  name  with  the  letter  /'  under  them, 
placed  on  the  left  side  of  the  barrel,  just  above  the  left  Hat,  and  about  1  in.  from 
the   breech.      The   barrels   will    be   immediately    washed   clean    in    hot    water,  and 

dnc. I.  after  which  they  will  be  again  carefully  examined. 

They  will  now  be  inspected  in  the  interior  and  on  the  exterior.  The  inspector 
will  reject  such  as  are  too  large  in  the  bore,  and  such  as  have  holes,  cross 
cracks,  scales  seams  or  ring  bores;  he  will  examine  the  brazing  of  the  bayonet 
stud,  and  see  that  the  barrel  is  not  notched  too  deep,  or  indented  inside. 

The  barrels  having  been  reduced  to  their  ultimate  dimensions,  straightened 
and  completely  finished,  are  again  strictly  inspected  to  verify  the  straightness  of 
the  bore,  the  exterior  and  interior  diameters,  their  weight  (which  should  not 
vary  more  than  1  oz.  from  the  standard  weight),  the  laps  lor  the  breech  screw 
and  cone,  the  size,  position  and  direction  of  the  vent. 

The  Blraightne88  of  the  barrel  may  be  ascertained  by  holding  it  up  to  the  light 
and  reflecting  a  straight  edge  oii  the  different  parts  of  the  bore,  by  which  means 
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an  experienced  eye  readily  delects  any  inaccuracy  in  the  bore.  The  small  or 
standi)//  plug  should  pass  Ireely  through  the  whole  length  of  the  barrel,  including 
the  threads  for  the  breech  screw,  and  the  bore  should  not  admit  the  large  or  limit 
plug. 

The  grooves  of  rifle  barrels  should  be  carefully  examined  to  see  that  they  are 
formed  according  to  the  pattern,  and  that  they  are  even  and  uniform  throughout. 

The  breech  screws  will  be  examined  to  see  that  they  are  of  the  proper  dimen- 
sions, are  sound  in  every  pari,  and  have  good  threads:  those  of  the  new  model 
are  not  ease  hardened.  The  screw  must  be  tried  in  the  barrel,  to  see  that  it 
occupies  all  the  threads  in  the  tap  of  the  barrel,  and  that  it  is  not  loose  after 
entering  three  threads. 

The  vent  should  enter  the  bore  of  the  barrel  clear  of  the  end  of  the  breech 
screw. 

Maris.  Barrels  condemned  for  defects  detected  after  proof,  or  at  any  time  in 
the  course  of  inspection,  are  marked  with  the  letter  C.  struck  in  deeply;  those 
finally  received  are  stamped,  in  addition  to  the  proof  mark,  with  the  letters 
C.  S.  A.,  on  the  top  of  the  barrel.  1  in.  from  the  breech,  and  the  year  of  fabrication 
underneath  those  letters,  in  the  direction  of  the  axis  of  the  barrel,  ending  at 
the  breech. 

Report  of  Inspection  of  Barrels. 

After  the  inspection  of  each  lot  of  barrels  the  inspector  will  make  a  statement, 
showing  : 

1.  The  number  of  barrels  offered  for  proof. 

2.  The  number  rejected  before  proof. 

3.  The  number  burst  in  proof. 

4.  The  number  rejected  after  proof,  for  flaws,  cross  cracks,  or  other  defects. 

5.  The  number  received  after  the  proof  and  inspections. 

6.  The  number  rejected  on  inspection  of  the  finished  arm. 

These  statements  furnish  the  materials  for  the  reports  of  inspection  required 
by  the  Ordnance  Regulations. 

Cones. 

Verify  the  dimensions,  exterior  and  interior,  and  the  thread  of  the  screw.  See 
that  the  upper  part  of  the  cone  is  properlv  hardened  and  free  from  cracks  or 
flaws. 
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Lochs. 

Examine  all  the  liml>s  to  see  that  they  arc  sound,  well  Bled,  and  of  the  proper 
form  :  try  the  temper  ol  the  hardened  parts  with  a  line  cut  file. 

lert.  Verify  the  dimensions  and  form  carefully  with  the  proper  gauges  ; 
see  thai  they  are  properly  oase  hardened,  especially  in  the  head  and  cup  lor  the 
cone. 

Tumbler*  must  be  verified  separately  with  great  eare.  and  their  hardness 
tested. 

Spring*.  The  strength  of  the  lock  springs,  as  indicated  by  the  weights  they 
require  to  bend  them  up  to  the  code  notch,  is  nearly  as  follows  : 

.Mam  spring  of  musket S5  lbs. 

Do  pistol 74    " 

Sear  spring 20    " 

Screws.  Examine  the  forms  of  the  stems  and  heads  of  all  screws  and  the 
cutting  of  the  threads,  and  gauge  them  :    see  that  they  are  properly  hardened. 

Lock  plate*.  Verify  with  the  proper  gauges  the  form  and  dimensions,  the 
accuracy  of  the  position  of  the  holes  and  the  threads  of  those  which  are  tapped; 
see  that  the  plate  is  sound  and  free  from  cracks  and  Haws,  especially  about  the 
tumbler  hole,  and  that  it  is  well  hardened. 

Ft iiishi (I  locks.     The  locks  having  been  put  together,  see: 

1st.  Thai  ihey  are  clean  in  the  inside. 

2d.  That  the  sear  works  freely  when  the  sear  screw  is  driven  as  far  as  it  will 
go,  and  that  the  nose  is  sufficiently  strong,  ami  falls  properly  into  the  notches  of 
the  tumbler. 

3d.  That  the  bridle  lias  no  cracks  or  flaws  about  the  holes  for  the  tumbler 
pivot  and  screws. 

■1th.  That  the  springs  are  well  bent  and  of  good  proportions;  that  the  fixed 
branches  lit  close  to  the  lock  plate,  anil  that  the  movable  branches  swing  clear 
of  it  without  having  loo  much  play. 

fith.  That  the  slits  of  the  screw  heads  are  no:  defective. 

<'.ih.  That  the  arbor  and  pivot  of  the  tumbler  fit  accurately  in  their  holes. 

7th.  That  the  hook  of  the  tumbler  does  not  fall  below  the  edge  of  the  lock 
plate  when  the  cock  is  down. 

Sth.  That  the  notches  of  the  tumbler  are  sound  and  smooth,  and  that  the 
tumbler  fits  and  turns  well. 

'.<lh.  Thai  the  hammer  (its  well  on  the  square  of  the  tumbler,  and  that  it  does 
not  resl  on  the  hick  plate  when  screwed  up  tight,  and  that  it  has  the  proper  set 
in  relation  to  the  cone. 

10th.  That  all  the  parts  work  well  together. 
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Works.  The  place  and  year  of  fabrication  are  marked  on  the  face  of  the  lock 
plate,  in  rear  of  the  hammer;  at  the  national  armories  an  eagle  and  the  letters 
C.  S.  A.  are  stamped  on  the  lock  plate  ;  at  private  armories,  the  letters  C.  S.  A., 
with  the  name  of  the  contractor. 

Mountings. 

The  forms  and  dimensions  are  verified  with  the  appropriate  causes  and  pat- 
terns. The  rod  springs  should  Dot  he  so  stiff"  as  to  endanger  splitting  the  stock. 
The  trigger  should  be  well  lilted  to  the  guard  plate,  with  as  little  lateral  play  as 
IS  Consistent  with  its  free  movement.  The  form,  size,  and  threads  of  the  screws 
should  he  carefully  examined.  The  letters  V.  £'.  A.  are  marked  on  the  tang  of 
the  butt  plate. 


Ramrods. 

The  temper  of  the  rod  is  tested  by  springing  it  in  four  directions,  with  the 
point  resting  on  the  floor.  The  musket  ramrod  should  bend  G  inches  from  a 
right  line  joining  the  ends;  the  rod  should  spring  back  perfectly  straight  with- 
out setting.  Jts  soundness  and  freedom  from  Haws  and  cross  cracks  are  ascer- 
tained by  the  sound  it  gives  when  suspended  by  one  end  and  gently  struck  with 
a  piece  of  metal,  and  by  passing  it  over  the  edge  of  a  block  of  wood,  or  the 
closed  jaws  of  a  vice,  pressing  down  the  ends  at  the  same  time  and  turning  the 
rod  so  as  to  present  every  side  successively  to  inspection.  Rifle  and  pistol  rods 
are  subjected  to  the  last  test:-  only.  The  diameter  of  the  rod  and  the  tap  of  the 
screw  for  the  wiper  are  verified  with  the  proper  gauges.  The  length  is  also 
verified. 

Marks.     The  rods  approved  are  marked  with  a  small  stamp  near  the  head. 


Bayonets. 

The  form  and  dimensions  of  the  bayonet  are  verified  with  the  proper  gauges; 
the  temper  is  tried  by  springing  the  bayonet  attached  to  the  barrel,  the  point 
resting  on  the  floor.  In  case  of  doubt,  the  temper  of  the  bayonet  is  definitely 
proved  in  the  following  manner: 

Two  iron  staples  are  fixed  in  a  piece  of  oak  plank  on  a  work  bench,  lcijj  inches 
apart:  one  of  them  serves  as  a  bridge  and  has  notches  to  receive  the  blade, 
the  other  serves  as  a  staple  for  holding  the  point  of  the  bayonet  close  to  the 
plank:  the  bayonet  is  fixed  on  a  barrel  to  the  butt  of  which  is  fastened  a  brass 
ball  weighing  0  lbs.,  ^o  that  by  inserting  the  point  of  the  blade  in  the  staples, 
the  face  and  back  resting  alternately  on  the  bridge,  the  blade  sustains  a  weight 
Of  9  lbs.,  which  springs  it  about  f  of  an   inch.     In  this  situation  the  blade  is  also 
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examined  to  detect  Haws  and  cross  cracks.     It  should   not  remain  bent  after  this 


trial. 


v.-.' 


Tin-  inspector  then  seizes  the  blade  near  the  point  and  strikes  the  elbow 
smartly  on  the  work  bench,  to  ascertain  that  the  welding  is  sound. 

If  the  proof  shows  no  defects,  he  verities  the  dimensions  and  bore  of  the  socket 

ml  the  accuracy  of  the  channels.     lie  examines  the  dimensions  of  the  clasp,  to 

ee  that  il  lits  well  to  the  shoulder:   that  it  turns  evenly,  without   binding   in  any 

part;   that  the  stop   is  well   placed   and   firmly  set ;   that   the   clasp   screw    and   its 

thread  in  the  stud  of  the  clasp  are  well  cut;   that   the  elbow  has  the   proper  form 

and  dimensions, 

Marin.  Bayonets  are  marked  on  the  face  of  the  blade,  near  the  neck,  with 
the  letters  C.  S.A.;  those  approved  are  marked  on  the  neck  with  the  inspector's 
stamp;  those  rejected  for  defects  that  cannot  be  remedied  are  marked  with  the 
Stamp  of  condemnation. 


Stocks. 

The  examination  of  the  stock  will  lie  directed: 

1st.  To  the  quality  of  the  wood;  that  it  has  good,  straight  grain,  is  well  sea- 
soned, and  free  from  sap  and  worm  holes. 

The  decree  of  seasoning  is  indicated  by  the  smell  of  the  wood  at  a  fresh  cut 
place — by  the  appearance  of  the  lock  and  barrel,  etc.,  when  removed  from  the 
stock;  they  will  be  rusted  by  unseasoned  wood — by  rolling  a  thin  shaving  be- 
tween the  fingers,  il  will  crumble  if  the  wood  be  well  seasoned,  otherwise  it  will 
In-  tough  and  will  bend. 

The  medium  weight  of  a  well-seasoned  musket  stock  is  2  lbs.;  a  stock  made 
of  good  walnut  will  not  weigh  lest  than  I   lb.  13  oz. 

2d.  To  the  workmanship;  that  it  is  free  from  splits,  especially  about  tin-  barrel 
groove  and  heading  ;  that  it  has  not  been  split  and  glued  up;  that  the  grooves 
and  beds  are  of  the  proper  forms  and  dimensions;  that  the  roundings  for  the 
bands  are  smooth  anil  accurate;  that  the  handle  and  comb  are  of  the  proper 
size  and  form;  that  the  stock  has  tin'  proper  fall  or  crook,  and  is  of  the  right 
length  ;  that  the  holes  are  well  drilled,  and  that  those  for  the  wood  screws  have 
good  threads. 

In  examining  the  bed  of  the  lock,  see  : 
1st.   That  all  the  edges  arc  sharp  and  smooth. 

2d.  That  the  beds  nl  the  sear  screw  and  sear  spring  screw  are  not  bored  down 
to  the  trigger  or  to  the  breech  screw. 

3d.  That  the  beds  ol  the  main  spring  and  main  spring  screw  do  not  penetrate 
to  the  barrel. 

4 tli.  That  the  hole  for  the  tang  of  the  sear  is  as  small  as  possible,  so  that  the 
sear  shall  not  be  wood-bound. 
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5th.  That  the  wires  fit  well  in  llieir  boles. 

Minks.     The  stocks  inspected  are   marked  on  the  left  side  with  the  stamp  of 
approval  (the  initials  of  the  inspector's  name),  or  of  condemnation,  as  the  case 

may    he. 


Appendages. 

Ball  screws  and  wipers  are  examined  by  screwing  them  on  a  piece  ol  ramrod 
furnished  with  a  handle,  to  verily  the  accuracy  of  the  screw  thread;  the  temper 
of  the  branches  is  tested  by  pressing  the  points  on  a  piece  of  hard  wood,  in 
which  proof  they  should  spring  hack  to  llieir  proper  form. 

Screw  drivers,  by  inserting  the  blades  in  a  vice,  or  in  a  slit  made  for  the  pur- 
pose, and  twisting  them  with  the  hand.  Test  the  strength  and  size  of  cone 
wrench,  by  putting  it  on  a  square  socket  and  wrenching  it  by  hand. 

Other  implements  are  examined  by  applying  the  appropriate  patterns,  etc., 
and  their  soundness  may  he  further  tested  by  striking  them  a  smart  blow  with  a 
hammer. 


Finished  arms. 

Finished  arms  offered  for  inspection  must  be  taken  entirely  to  pieces,  and 
each  pari  must  be  examined  as  above  directed  ;  if  the  parts  have  been  previously 
inspected,  see  that  they  have  suffered  no  subsequent  injury.  This  being  done, 
the  arms  will  be  put  together  and  examined  in  their  complete  state.  Some  of 
the  arms  in  every  lot  should  be  put  together  by  the  inspector  himself. 

The  inspector  will  examine  the  finished  arms  on  every  side,  to  see  that  the 
parts  are  well  titled  together — he  will  verily  the  principal  dimensions  and  forms 
by  means  of  the  appropriate  gauges  and  patterns. 

Barrel.  The  diameter  of  the  bore  must  lie  verified  with  the  standard  and  limit 
gauges.  The  barrel  should  enter  the  groove  of  the  stock  to  the  depth  of  half  its 
diameter,  and  should  bear  well  in  the  whole  length  of  the  groove,  particularly  at 
the  breech.  The  vent  should  be  accurate  in  ils  dimensions,  position  and  direc- 
tion, and  a  wire  should  be  passed  into  the  vent  through  the  cone,  to  see  that  it  is 
free.  The  cone  should  be  examined,  to  see  that  it  is  sound.  The  shoulders  of 
the  breech  screw  should  fit  close  to  the  end  of  the  barrel,  and  it  must  be  free 
from  cracks  or  Haws  about  the  tang  screw  hole;  the  tang  screw  should  be  per- 
pendicular to  the  tang.     The  bore  of  barrel  should  be  clean  and  bright. 

Ramrod.  The  temper  and  t lie  screw  ol  the  ramrod  are  tried  as  before  directed, 
also  by  dropping  it  into  the  barrel,  which  will  test  soundness  and  length  ;  the 
lilting  of  the   groove    is   ascertained   by  drawing   and    returning  the  rod  smarily 
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eral  times,  to  sec  that  it  holds  well  and  does  not  stick  loo  tight;  the  mus- 
IcetOOD,  pistol  and  carbine  ramrods  should  !)old  more  (irmly  than  that  of  the 
musket— the  ramrod  must  hear  on  the  rod  stop,  and  in  that  position  its  head 
should  not  project  heyond  the  end  of  the  barrel ;  it  should  fill  the  groove  well  J 
the  ojien  part  of  the  groove  should  be  in  the  centre  of  the  Stock,  the  covered 
pari  in  the  middle  of  the  thickness  of  the  slock  between  the  outside  and  the  bot- 
tom of  the  barrel  groove,  and  the  rod  should  not  interfere  with  the  front  side 
screw. 

Bayonet.  The  socket  of  the  bayonet  should  be  a  little  below  the  muzzle  of  the 
barrel  at  the  upper  end,  and  should  clear  the  upper  band  about  0.05  in.  Work 
the  clasp  to  see  that  the  ramrod  does  not  interfere  with  it,  that  it  bears  well  on 
the  shoulders,  that  the  clasp  screw  holds  well,  that  the  stop  is  firmly  fixed,  and 
that  the  clasp  moves  evenly  without  binding;  the  blade  ol"  the  bayonet  should 
set  outward  a  little  toward  the  point.  To  try  the  strength  and  temper  of  the 
bayonet  when  fixed:  spring  it  smartly  in  four  directions,  toward  the  back  and 
face,  and  each  edge,  resting  the  point  on  the  lloor,  and  grasping  the  butt  of  the 
stock  with  the  right  hand  and  the  middle  of  the  barrel  with  the  left.  Examine 
the  fitting  of  the  bayonet  to  the  barrel,  and  see  that  the  inside  of  the  socket  is 
clean  and  free  from  rust,  and  that  the  bayonet  stud  is  well  brazed  and  of  the 
right  dimensions. 

Lock.  Examine  carefully  the  action  of  the  lock  ;  snap  th«  hammer  on  t  In-  cone, 
to  sci.-  that  it  tils  well.  Let  the  hammer  down  several  times,  to  judge  ol'  the 
working  of  the  lock. 

See  also:   1st.  That  the  interior  parts  are  not  wood-bound. 

2d.  That  the  hammer  stands  off  (0.02  in.)  from  the  lock  plate. 

3d.  That  it  does  not  go  offat  half  cock,  when  the  trigger  is  pulled  hard. 

4th.  That  it  goes  neither  too  hard  nor  too  easily  when  cocked. 

5th.   That  it  does  not  stop  at  hall   cock. 

Bib.  That  the  trigger  is  steady  at  cock  and  half  cock,  and  free  when  the  ham- 
mer is  down. 

7th.  That  the  fall  of  the  hammer  is  not  stopped  by  the  heel  of  the  tumbler, 
before  it  touches  the  cone. 

Sili.  That  the  hammer  has  sufficient  sweep;  and  that  it  falls  evenly  without  a 
jerk. 

Examine  the  soundness  of  the  hammer  at  the  tumbler  hole. 

In  examining  a  finished  lock  by  itself,  observe  the  rules  laid  down  above;  see 
that  the  lock  plate  fits  accurately  in  its  bed  and  that  the  wood  around  it  is  full 
and  sound. 
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Mountings.  The  front  part  of  the  tri:r:rer  nt  hall"  cork  should  be  nearly  per- 
pendicular to  the  surface  of  i  he  guard  plate ;  the  slit  for  the  trigger  should  be  of 
the  exaet  width,  so  that  the  trigger  shall  have  no  lateral  motion. 

It  is  important  that  the  guard  plate  should  bear  firmly  on  the  wood  in  every 
part;  as  ot lierwise.  by  driving  the  tans  screw  too  hard,  the  trigger  might  be 
brought  too  close  to  the  sear,  and  the  action  of  the  lock  be  thus  interfered  with. 

The  butt  plate  should  be  well  fitted,  in  the  centre  of  the  stock. 

The  bands  should  fit  smoothly  at  the  shoulders  and  closely  to  the  stock  and 
barrel,  but  not  so  light  as  to  require  a  great  effort  to  remove  them.  The  band 
springs  should  not  be  too  deeply  set:  they  should  spring  back  freely  when 
pressed  down  :  the  holes  for  the  wires  should  not  interfere  with  the  barrel  or 
ramrod  grooves. 

All  the  mountings  should  lit  smoothly  to  the  stock.  The  stock  should  have 
the  proper  fall  or  crook,  which  is  ascertained  by  applying  the  pattern  and  by 
tr\ - i  11  ir  the  piece  in  the  position  of  aiming. 

By  sil:  hi  i iiir  along  the  barrel  it  will  be  seen  whether  it  is  well  stocked,  whether 
the  upper  band  is  well  placed  and  the  sight  central,  and  the  bayonet  well  set. 

See  also  below  :    Insjxrtioii  of  arms  in  service. 


SPECIAL    INSTRUCTIONS    FOR    THE    INSPECTION    OF    HALLS 
CARBINES. 

The  foregoing  rules  for  inspection  of  arms  are  to  be  observed  here  as  far  as 
they  are  applicable  :  such  as  those  relating  to  the  quality  of  materials  and  work- 
manship; the  proving  of  barrels  and  ramrods;  gauging  the  parts  and  ascertain- 
ing that  they  are  sound  ;  that  their  forms  and  dimensions  agree  in  all  respects 
with  those  of  the  standard  models,  and  that  they  are  not  inferior  in  finish  to 
those  models. 

Tin-  following  instructions  apply  exclusively  to  arms  of  Hall's  patent: 

These  arms  should  be  fabricated  in  such  a  manner  that  the  component  parts 
of  all  the  arms  ot  the  same  kind  shall  interchange,  or  lit  equally  well  together. 
In  order  to  test  ihe  accuracy  of  the  work  in  this  respect,  examine  and  gauge  the 
various  component  parts  belonging  to  any  number  of  arms  offered  for  inspection, 
and  cause  the  arms  to  be  put  together  by  taking  the  p;irts  promiscuously  from 
the  whole  number  examined.  Take,  then,  a  certain  proportion  of  the  finished 
arms  (say  10  in  every  hundred  of  tlm  first  400  arms,  after  that  about  10  in  400), 
and  interchange  the  component  parts  of  each  of  these  lots  of  10,  as  follows  : 

2d.  Apply  each  receiver  to  one  and  the  same  arm — ascertain  that  the  joint 
12 
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between  Its  muzzle  and  the  breech  of  the  barrel  is  a  little  open  (from  0  no l  in. 
lo  0.009  in.),  bo  ms  io  ;idmit  of  one  thickness  of  common  writing  paper  without 
jamming  it.  and  two  thicknesses  of  the  same  jamming  and  holding-  them  light. 
Also,  ascertain  that  its  catch  fits  well  to  the  catch  plate  below,  and  that  when 
the  receiver  is  pressed  hard  down,  the  space  between  the  catch  notch  and  the 
catch  plate  is  not  less  than  O.OOS  in.  nor  more  than  0.010  in. — that  the  receive! 
admits  of  a  little  motion,  or  has  between  it  and  the  chock  on  each  side  of  it  a 
play  "I   not  less  than  0.004  in.  nor  more  than  0.008  in. 

Ascertain  that  the  opening  on  each  side  between  the  receivers  and  the  sup- 
porters,  in  rear  of  the  chocks,  is  not  less  than  O.UO^  in.  nor  more  than  0.016  in. 

That  the  opening  between  the  rear  end  of  the  receiver  and  the  butt  piece,  and 
between  the  front  part  of  the  shoulders  (before  the  chocks;  and  the  supporters, 
is  not  less  than  0.010  in.  nor  more  than  0.03  in.  That  the  receiver  opens  and 
shuts  with  ease,  and  that  the  trigger  which  is  attached  lo  it  passes  through  the 
guard  freely  and  clear  of  the  end  of  the  mortise  in  the  guard,  both  in  front  and 
rear,  and  that  when  the  piece  is  cocked  and  the  receiver  shut,  the  trigger  stands 
J  of  an  inch  from  the  guard  behind. 

3d.  Apply  one  catch  plate  to  all  the  stocks;  put  in  a  receiver  and  ascertain 
that  it  fits  the  catch;  also,  apply  all  the  catch  plates  to  one  and  the  same  stock 
and  receiver,  ascertaining  that  each  one  fits. 

1th.  Apply  all  the  catches  lo  each  receiver  and  ascertain  that  the  catch  lils  on 
tin'  plate  below;  that  the  opening  between  the  hook  of  the  catch  and  the  catch 
plate  is  correct  as  before  stated. 

•riih.  Apply  all  the  chocks  to  one  and  the  same  arm  a ud  ascertain  that  the 
opening  or  joint  formed  between  the  receiver  and  the  barrel  is  within  the  limits 
before  prescribed.  Apply  one  and  the  same  pair  of  chocks  to  each  arm,  and 
ascertain  that  the  opening  in  the  joint  between  the  receiver  and  the  barrel  is  the 
same  as  before. 

6th.  Apply  all  the  butt  pieces  to  one  and  the  same  arm.  ascertaining  that  each 
one  lils  alike  and  corresponds  well  with  the  ends  of  the  supporters,  with  the 
wood  of  the  stock,  and  with  the  screw  holes  through  the  stock  and  the  sup- 
porters— then  apply  one  and  the  same  butt  piece  to  all  the  arms,  and  ascertain 
tin'  same  points  as  before. 

7th.  Apply  all  the  butt  plates  to  one  and  the  same  stock,  but  without  turning 
in  the  screws,  except  in  a  few  of  the  plates,  otherwise  the  hold  of  the  screw  in 
the  wood  will  be  injured  ;  but  ascertain  that  the  holes  in  the  plate  correspond 
with  those  ia  the  slocks  at  the  same  time  that  its  outer  edges  correspond  with 
the  Outside  of  the.  stock — then  apply  one  and  the  same  butt  plate  to  all  the  stocks 
and  ascertain  that  it  fits  alike  to  each, turning  iii  the  screws  in  this  latter  case. 

8th.  Apply  all  the  guards  to  one  and  the  same  stock,  ascertaining  that  each 
lils  the  wood  well  around  its  edges  and  at  the  holes — then  apply  one  and  the 
same  guard  to  each  of  the-  slocks,  ascertaining  that  it  fits  as  before. 

9th.  Apply  each  set  of  bands  to  one  and  the  same  stock  and  barrel,  ascertain- 
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ing  that  they  so  moderately  tight  only,  and  so  nearly  alike  as  to  make  good  and 
close  work — then  apply  one  and  the  same  set  of  hands  to  all  the  arms,  and  ascer- 
tain the  same  points  with  each,  and  that  the  hands  tit  well  to  the  stocks  and 
barrels  and  to  the  band  springs. 

10th.  Apply  all  the  barrels,  with  one  and  the  same  set  of  bands,  to  one  and 
the  same  Mock,  putting  the  bands  fully  to  their  places  to  ascertain  that  they  go 
neither  too  tight  nor  too  loose,  which  Mill  be  the  case  when  they  admit  of  being 
shoved  by  ihe  hand  to  within  a  quarter  of  an  inch  of  their  respective  places  ; 
ascertain  that  the  supporters  fit  the  stocks  and  the  butt  pieces — then  apply  one 
and  the  same  barrel,  with  the  same  set  of  bands,  to  each  of  the  stocks,  observ- 
ing the  same  particulars. 

11th.  Ascertain  that  the  supporters  are  securely  fastened  to  the  barrels  with 
two  screws  in  each,  and  with  good  solder  over  the  whole  extent  of  the  supporter 
where  it  comes  in  contact  with  the  barrel— to  determine  this  point,  put  a  little 
oil  above  the  junction  of  the  supporter  and  I  he  barrel,  then  grasp  both  supporters 
wilh  one  hand,  holding  the  barrel  with  the  other,  and  spring  them  inwards  seve- 
ral times;  if  the  soldering  is  not  sound,  the  oil  will  be  seen  to  issue  from 
between  the  supporters  and  the  barrel. 

I2lh.  Test  the  guides,  ascertaining  that  they  slide  equally  easy  in  their  re- 
spective dovetails  in  all  the  barrels,  tirst  applying  all  the  guides  to  one  barrel 
and  then  one  of  them  to  all  the  barrels. 

13th.  Examine  the  receiver,  and  the  various  parts  attached  to  it,  by  applying 
in  the  first  place  all  the  hammers  to  one  and  the  same  receiver,  ascertaining  that 
each  one  falls  fairly  down  on  the  cone ;  then  apply  one  and  the  same  hammer 
to  all  the  receivers;  and  thus  proceed  to  test  the  accuracy  ol  all  the  different 
parts  of  the  lock  attached  to  the  receiver,  applying  all  of  the  different  compo- 
nent parts  to  one  ami  the  same  receiver,  and  one  of  each  of  (he  component  pari? 
to  all  the  receivers. 


GENERAL    DIRECTIONS. 

The  inspector  is  not  restricted  to  the  particular  examinations  above  men- 
tioned ;  he  will  make  any  other  examinations  which  he  may  deem  necessary  to 
ascertain  the  quality  of  any  part  of  the  arms,  and  their  conformity  to  the  stand- 
ard models;  if  he  discovers  or  suspects  any  attempts  on  the  part  of  the 
workmen  to  cover  or  conceal  serious  defects,  he  will  subject  the  arms  to  the 
most  severe  .scrutiny,  in  order  to  detect  such  defects. 

In  the  inspection  of  contract  arms,  the  inspector  will  judge  of  the  quality  of 
materials  and  workmanship  by  the  rules  which  govern  in  like  cases  at  -the  na- 
tional armories;   that  is,  he  will  reject   such  arms  or  parts  of  arms  as  would    be 
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condemned  at  the  national  armories,  and  lie  will  receive  such  as  would  be 
approved  ;it  (he  national  armories;  without  exacting,  in  any  fuse,  more  rigid 
condition >)  than  are  enforced  at  those  establishments. 

The  ordnance  officer  charged  with  the  inspection  of  anus,  or  the  master 
armorer  al  a  national  armory,  will  cause  at  least  one  in  twenty  i'|' each  lot  of 
arm*  passed  by  a  sub-inspector  to  be  taken  to  pieces  in  his  presence,  and  he 
will  examine  them  strictly,  agreeably  to  the  foregoing  directions,  before  affixing 
bfa  —  t it tii i >  of  approval  on  the  finished  arms,  all  of  which  must  be  examined  by 
him. 

Marks:  As  a  general  rule,  every  part  condemned  on  inspection  will  be 
Indelibly  marked  with,  l')e  letter  C,  and  every  principal  part  approved  will  be 
marked  with  the  initials  of  the  inspector's  name.  Care  must  be  taken  mat  the 
marks  of  approval  are  not  Stamped  so  deep  as  to  be  injurious. 

Finished  arms  approved  on  inspection  will  be  marked  on  the  left  face  of  the 
stock  with  the  initials  of  the  name  of  the  principal  inspector,  and  the  year  of 
inspection. 


BROWNED    ARMS. 

The  barrels  of  rifles  and  carbines  are  browned  at  the  armories  before  being 
received  for  the  service  ;  the  luc/cs,  ramroih,  ha  nil  springs,  triggers,  receivers  and 
scnirs  are  not  browned.  The  parts  of  these  arms  should  be  thoroughly  in- 
spected before  browning,  and  the  finished  arm  alter  being  browned. 


Instructions  for  Browning  Arms. 

Materials  for  Browning  Mixture. 

\\  oz.  spirits  of  wine. 
1]  oz.  tincture  of  steel. 

|  oz.  corrosive  sublimate. 
1J  oz.  sweet  spirits  of  nitre. 
1     oz.  blue  vitriol. 
J  oz.  nitric  acid. 
To  be  mixed  and  dissolved  in  1  quart  of  soft  water — the   mixture   to  be   kept 
in  gloat  /xiiiles  and  not  in  earthen  jugs. 


BROWNING    ARMS. 
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Previous  to  commencing  the  operation  of  browning,  it  is  necessary  that  the 
barrel  or  other  part  should  be  made  quite  bright  with  emery  or  a  fine  smooth  file 
(but  not  burnished),  alter  which  it  must  be  carefully  cleaned  from  all  greatness  ; 
a  small  quantity  of  pounded  lime  rubbed  well  over  every  part  of  the  barrel  is 
the  best  for  this  purpose.  Plugs  of  wood  are  then  to  be  put  into  the  muzzle  of 
the  barrel  and  into  the  vent,  and  the  mixture  applied  to  every  part  with  a  clean 
hponge  or  rag.  The  barrel  is  then  to  be  exposed  to  the  air  for  twenty-lour  hours  ; 
after  which  tunc  it  is  to  be  well  rubbed  over  with  a  steel  scratch  card  or  scratch 
brush,  until  the  rust  is  entirely  removed;  the  mixture  may  then  be  applied  again, 
as  before,  and  in  a  few  hours  the  barrel  will  be  sufficiently  corroded  lor  the 
operation  of  scratch  brushing  to  be  repeated.  The  same  process  of  scratching 
off  the  ru~t  and  applying  the  mixture  is  to  be  repeated  twice  or  three  times  a 
day  for  four  or  five  days,  by  which   time   the  barrel  will  be  of  a  very  dark  brown 

color. 

When  the  barrel  is  sufficiently  brown  and  the  rust  has  been  carefully  removed 
from  every  pari,  about  a  quart  of  boiling  water  should  be  poured  over  every  part 
of  the  barrel,  in  order  that  the  action  of  the  acid  mixture  upon  the  barrel  may  be 
destroyed  and  the  rust  thereby  prevented  from  rising  again. 

The  barrel,  when  cold,  should  afterwards  be  rubbed  over  with  linseed  oil  or 
sperm  oil.  It  is  particularly  directed  that  the  Steel  scratch  card  or  scratch  brush 
be  used  in  the  place  of  a  haul  hair  brush,  otherwise  the  browning  will  not  be 
durable,  nor  have  a  good  appearance. 

The  browning  mixtme  is  applied  to  other  parts  of  arms  in  the  same  manner 
as  to  the  barrels. 

About  G  quarts  of  browning  mixture  are  required  for  1.000  barrels. 

To  remove  old  browning:  Plug  the  vent  and  the  muzzle  of  the  barrels;  im- 
merse the  browned  parts  for  one  hour  in  boiling  lime  water  or  lye,  to  remove  the 
varnish  or  grease  ;  wipe  them  and  put  them  in  vinegar,  in  a  wooden  trough,  for 
half  an  hour  or  an  hour,  when  the  browning  may  be  rubbed  off  with  a  rag. 


PACKING    SMALL    ARMS. 

Box  for  20  Percussion  Muskets. — Plate  10. 

The  box  is  made  of  well  seasoned  pine  boards  1  in.  thick;  the  sides  and  bot- 
toms lap  over  the  ends.  4  corner  pieces  (oak)  2.25  in.  wide,  1.125  in.  thick;  the 
width  ol  the  corner  piece  is  placed  against  the  end  of  the  box  ;  a  rabet  is  cut  in 
each  piece  to  receive  the  ends  of  a  board  4.5  in.  wide  and  .125  in.  thick,  which 
forms  the  inner  lining  of  the  implement  pocket.  2  end  linings,  between  the 
corner  pieces,  S.75  in.  deep,  leaving  vacant  spaces  above  them,  between  the  cor- 
ner pieces,  4.5  in.  deep,  for  the  implements.  They  are  fastened  to  the  ends,  each 
with  two  nails. 
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Interim  dimension*  of  the  box:  Length,  between  the  end   linings,  59.25  in.; 

width.  l.'i.T'i  in.  ;  depth,  13.25  in. 

The  mi/',  are  fastened  with  nine  8d  nails  in  two  rows,  in  each  corner  piece. 
Each  tidi  i^  fastened  with  five  lid  nails  in  each  end.  three  10d  nails,  and  one  2 
in.  mti-w  Mo.  1  I  (above  the  nails)  in  each  corner  piece.     The  bottom  is  fastened 

to  each  end  and  lining,  with  twelve  lOd  nails,  and  to  each  side  with  ten  lOd 
nails  ami  two  2  in.  -crews  The  top  is  fastened  with  two  2  in.  screws  to  each 
end.  and  four  to  each  side.  Two  holes  are  bored  in  each  end.  6  in.  apart  and  S 
in.  from  the  bottom,  to  receive  rope  beekels,  .5  in.  thick  ami  1^  in.  long:,  which  are 
inserted  and  fastened  by  a  knot  countersunk  in  the  end,  before  the  linings  are 
nailed  on. 

Two  grooves,  1  in.  wide  and  .25  in.  deep,  are  cut  in  each  side  of  the  box,  close 
to  the  corner  pieces,  to  receive  the  packing  Stuff 

4  bayonet  damps  1  in.  thick;  twool  them  are  1  in.  deep;  the  others,  1.5  in. 
They  have  each  ten  notches  on  the  under  side  to  receive  the  blades  of  tin-  b. no- 
nets, and  they  are  fastened  to  the  bottom  of  the  box,  each  with  2  screws.  The 
small  clamps  are  placed  3.1  in.  apart,  in  the  clear;  the  large  ones,  5.S  in.  apart. 

4  muzzle  clamps,  1  in.  thick  and  2.25  in.  wide;  each  clamp  has  .1  holes  lor  the 
muzzles  of  the  barrels  and  5  for  the  heads  of  the  ramrods.  They  are  placed  in 
the  grooves;  the  lower  clamps  fastened  to  the  ends  of  the  box  at  the  bottom, 
each  wilh  iwo  nails:   the  others  sliding  in  the  grooves. 

i  butt  clamps,  2  in.  thick,  2.25  in.  wide.  They  have  rabcts  1  in.  thick  at  the 
ends,  to  slide  in  the  grooves,  and  each  clamp  has  5  sloping  notches  1  in.  deep, 
1.5  in.  wide  at  top,  and  2  in.  at  bottom,  to  receive  the  butts  of  the  muskets. 

2  midilli  clump*,  1.125  in.  thick,  2  in.  wide,  with  rabels  to  fit  the  grooves — they 
an;  laid  in  fiat. 

2  lop  clamps,  2  in.  thick,  3.125  wide,  with  rabcts  1  in.  thick  at  each  end,  to  slide 
in  the  grooves.     The  cover  presses  on  them  and  keeps  the  muskets  tight. 


To  purl;  ,t  box  of  Muskets. 

Unfix  the  bayonets  and  let  down  the  hammers. 

The  small  bayonet  clamps  being  fastened  down,  place  the  points  of  the  bay- 
onets in  I  heir  notches,  the  bayonets  lying  on  the  ei\gti  of  the  blade  ;  then  put  in 
the  large  clamps  and  screw  them  down. 

Place  the  lower  tier  of  ten  muskets;  ihe  muzzles  and  ramrods  in  the  holes  in 
the  lower  end  clamps,  the  butts  resting  on  the  opposite  clamp;  put  two  lower 
butt  clamps  in  the  grooves  over  the  butts  of  the  lower  tier  of  muskets,  and  over 
them  the  two  middle  clamps.  Tlaee  the  upper  muzzle  clamps  in  the  grooves; 
Insert  the  upper  tier  of  muskets  like  the  lower;  put  in  the  upper  butt  clamps 
and  the  top  clamps. 

Put  the  implements  in  the  pockets  provided  for  them,  and  screw  on  the  cover. 
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Packing  Box  for  20  Rifles. 

Rifles  are  packed  in  the  same  manner  a-  muskets,  the  box  being  made  like  the 
musket  box  except  in  its  dimensions,  and  omitting  the  bayonet  clamps. 

Interior  dimension*  of  rifle  l>".r  :  Length  between  the  end  linings  50  in. ;  width 
1G.75  in.;  depth  12.0  in. 

Packing  Box  for  50  Pistols. — Plate  16. 

The  form  and  dimensions  of  the  box  are  represented  in  the  plate. 

The  muzzles  and  the  heads  of  the  rods  are  inserted  in  holes  countersunk  in 
the  side  ol  the  box,  the  handle  of  the  stock  being  confined  by  4  elampe,  which 
slide  in  grooves  made  in  the  ends  of  the  box. 

The  implements  are  placed  in  a  small  compartment  provided  for  them,  at  the 
top  of  the  box. 

Interim-  dimensions  of  pistol  box:  Length  42.2')  in.  ;  width  14.  5  in.;  depth  12  in. 

Weights  of  Boxes  of  Arms  packed. 

20  muskets,  percussion 290  lbs. 

2(1  muskets,  Hint 300  lbs. 

20  ri  ties,  percuss  ion 27-3  lbs. 

•00  pistols,  percussion 190  lbs. 

Packing  Arms  with  Straw. 

Tn  the  field,  or  under  other  circumstances,  when  the  proper  arm  chests  are  not 
on  hand,  it  may  sometimes  be  necessary  to  pack  arms  in  this  manner. 

The  interior  dimensions  of  a  box  for  20  muskets  may  be  the  same  as  for  the 
regular  packing  box. 

The  straw  should  be  long,  perfectly  dry,  and  free  from  dust;  rye  straw  is  the 
best  ;  hay  should  not  be  used  :  about  25  lbs.  of  straw  are  required  to  a  box. 

To  prepare  tin-  musket  for  packing:  oil  it;  let  down  the  hammer,  pass  the 
bayonet  up  to  the  socket  into  the  guard  bow,  on  the  right  side,  in  front  of  the 
trigger.  Make  a  rope  of  about  40  straws,  slightly  twisted,  and  40  in.  long; 
wrap  it  about  the  musket,  commencing  on  top  of  the  hammer,  going  round  the 
bayonet  below,  again  over  the  hammer  and  round  the  piece  in  front  of  the 
guard,  then  over  the  socket  of  the  bayonet  near  the  neck,  and  wrapping  the  rest 
around  the  handle  of  the  stock. 

Lay  a  bed  of  straw  2  in.  thick  in  the  bottom  of  the  box;  in  the  middle  and 
at  G  in.  from  the  ends,  place  three  cushions  of  straw  6  in.  thick  and  12  in. 
wide.  Put  in  a  tier  of  10  muskets  crossing  each  other,  the  butts  resting-  alter- 
nately against  the  ends  of  the  box.  the  guards  uppermost,  and  the  hammers  bear- 
ing on  toe  cushions.  Put  small  trusses  of  straw  under  the  upper  and  middle 
bands,  by  raising  the  muskets  at  one  end  and  then  pressing  them  down  between 
„the  others.  Pack,  between  the  butts,  wads  of  straw  8  in.  long,  made  of  a  hand- 
ful of  straws  folded  in  three  ;  cover  the  guards  and  guard  bows  with  the  ends  of 
the  straw  that  forms  these  wads,  which  will  be  still  about  12  in.  long.     Put  in 
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another  lier  of  10  muskets  in  the  same  manner,  making  ihe  cushions  -1  in.  thick. 
Pack  the  implementa  in  straw  in  the  vacant  -pares.  Fill  the  box  with  straw,  so 
that  the  cover  shall  require  strong  pressure  to  keep  it  down.  Put  two  hoops 
round  the  box.  al  18  in.  from  the  ends. 

Other  arms,  swords,  etc..  are  packed  in  a  similar  manner. 

Arms  should  not  he  wrapped  in  paper,  unless  it  be  oiled,  as  it  attracts  moist- 
ure more  readily  than  Straw  does. 

PRESERVATION    OF   ARMS    IN    STORE. 

Arrangement  and  Manner  of  Storing  Arms. 

Arms  are  kept  at  the  arsenals  either  in  the  boxes  in  which  they  are  received 
from  the  armories,  or  In  racks. 

Those  of  each  kind  are  kept  separate  and  they  are  arranged  according  to  the 
model,  the  place  and  year  of  fabrication,  and  the  time  when  they  were  last 
cleaned. 

New  arms  are  kept  distinct  from  those  which  have  been  repaired. 

Each  parcel  should  have  a  label  indicating  the  kind,  number,  model,  date  of 
their  receipt  in  store,  and  of  their  being  last  cleaned. 

The  manner  of  keeping  arms  at  the  arsenals  is  determined  by  the  chief  of  the 
Ordnance  Department,  according  to  the  peculiar  circumstances  of  each  case,  and 
racks  are  constructed  for  them  only  in  pursuance  of  special  authority  from  the 
Ordnance  office  ;  without  such  authority  they  are  kept  in  boxes.  The  form  and 
arrangement  it'  the  racks  vary  with  those  of  the  room  in  which  they  arc  placed, 
so  as  to  use  the  space  to  the  best  advantage,  and  give  light  and  air  10  every  part 
of  the  room.  The  usual  arrangement  of  racks  tor  muskets  is  to  establish  two 
rows  of  double  racks,  two  tiers  high,  perpendicular  to  the  length  of  the  room, 
leaving  alleys  around  the  room  next  to  the  wills,  and  in  the  centre,  if  necessary. 
The  bayonets  are  passed  through  the  middle  band  swivel,  the  socket  covering 
the  top  of  the  ramrod.  Other  racks  ol  a  similar  kind  may  be  made  for  rifles, 
carbines,  etc.    Pistols  are  suspended  by  the  guard  bows,  on  hooks  driven  into 

the  faces  of  tin isket  racks,  or  into  the  joists,  or  into  strips  attached  to  the 

walls  of  the  building. 

When  there  are  neither  racks  nor  boxes  prepared,  the  arms  are  Stored  in  dry 
rooms,  arranged  in  rows  apart  from  the  walls,  standing  on  their  muzzles  and 
supported    by  Irames  to  prevent    them    from    pressing  too   much   on   each   other. 

The  baj ts  should  be  unfixed  and  passed  through  the  swivel.     They  should  be 

covered  with  tarpaulins  or  cloths,  il  necessary,  to  protect  them  from  dust. 

Anns  of  peculiar  kinds  and  arms  to  be  repaired,  are  kept  separate  irom 
others;   as  also  arms  unserviceable  or  condemned  to  be  broken  up. 

Limbs  and  spare  parts  intended  for  repairs  of  arms  si  on  Id  be  kept  in  store  by 
themselves,  in  a  dry  place,  classed  according  to  the  kind  of  arms  and  to  the 
model  and  year  of  fabrication,  and  labeled  accordingly. 
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SfitsJcet  and  rifle  barrels  and  oilier  long  barrels,  standing  on  their  muzzles;  the 
piles  covered  from  the  dust  with  tarpaulins  supported  so  as  not  to  touch  the 
barrels.  Pistol  barrels;  bayonets,  and  other  small  parts,  in  drawers  or  boxes, 
properly  labeled.  Stocks,  in  square  piles,  in  the  attic  or  upper  story  of  the 
building. 

Care  of  Arm*  in  Store. 

Arms  when  received  at  an  arsenal  should  be  unpacked  and  carefully  exam- 
ined, to  detect  any  damage  suffered  in  transportation;  they  should  be  cleaned 
and  oiled,  if  they  require  it.  Those  arms  which  are  not  to  be  placed  in  racks 
should  be  returned  to  the  boxes,  laid  in  loosely  but  safely,  and  the  cover  slightly 
fastened  down,  so  that  they  can  be  readily  examined. 

All  arms  in  store  should  be  frequently  examined,  to  see  that  they  do  not 
become  rusty.  Those  which  are  found  to  be  rusted  should  be  immediately 
cleaned  and  again  oiled.  Browned  arms,  if  affected  with  specks  of  rust,  should 
be  rubbed  hard  with  linseed  oil,  and  if  the  appearance  of  the  browning;  indicates 
that  the  acid  is  not  neutralized,  care  should  be  taken  to  examine  the  arms  again 
within  a  short  time,  as  it  may  be  found  necessary  to  remove  and  renew  the 
browning;  but  this  operation  should  not  be  performed  without  special  authority 
from  the  chief  of  the  Ordnance  Department,  on  the  report  of  a  duly  authorized 
inspector. 

Arms  which  are  to  be  repaired  should  be  oiled  and  taken  care  of  in  the  same 
manner  as  serviceable  anus.  Irreparable  arms,  the  parts  of  which  can  be  used 
for  repairs,  should  be  oiled.  Similar  remarks  apply  to  spare  parts  for  repairs  of 
arms. 

S/H  ,  in  nil  should  be  used  for  greasing  arms. 

Empty  boxes  from  which  the  arms  in  racks  are  taken  should  be  kept  with  all 
the  parts  belonging  to  them  in  the  attics  or  other  dry  situations. 

The  store  houses  for  arms  should  be  aired  in  clear  dry  weather. 

Issuing  Arms. 

The  Ordnance  Regulations  prescribe  the  manner  of  issuing  arms  to  the  troops, 
under  the  various  circumstances  of  service,  and  to  the  Slates,  for  arming  the 
militia. 

All  arms  issued  from  an  arsenal  should  be  carefully  examined  before  delivery, 
cleaned  and  put  in  good  order;  if  intended  for  transportation,  they  should  be 
oiled,  if  necessary,  after  cleaning,  and  carefully  packed. 

PRESERVATION    OF    ARMS    IN    SERVICE. 

The  officers,  non-commissioned  officers,  and  soldiers  should  be  instructed  and 
practised  in  the  nomenclature  of  the  arms,  the  manner  of  dismounting  and 
mounting  them,  and  the  precautions  and  care  required  for  their  preservation. 
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Each  soldier  should  have  a  screw-driver  and  a  wiper,  and  each  squad  of  10.  a 
wire  and  ■  tumbler  punch,  and  a  spring  vice.  No  other  implements  should  be 
11 — . ■ .  1  in  taking  arras  apart  or  in  setting  them  up. 

In  the  inspection  of  anus,  officers  should  attend  to  the  qualities  essential  to 
service,  rather  than  to  a  bright  polish  on  the  exterior  of  the  arms.  I'he  arms 
should  be  inspected  In  the  quarters  at  least  once  a  month  with  the  barrel  and 
lock  separated  from  the  stock. 


Taking  Arms  to  pieces. 

Tn  till.,  up n,  t  tin  altered  percussion  musket,  pattern  of  ls'2'2. — 1.  Tin-  bayonel  — 
2.  The  ramrod— 3.  The  side  screws — 1.  The  side  plate — 5.  The  lock— 6.  The 
ii|)|icr  hand — 7.  The  upper  band  spring- — S.  The  middle  band — 9.  The  middle 
band  spring — 10.  The  trigger  wire — 11.  The  trigger — 12.  The  tang  screw — 13. 
The  lower  band  — 1-1.  The  lower  band  spring — 1.").  The  barrel — 16.  The  guard 
screws— 17.  The  guard— 18.  The  butt  plate  screws — 19.  The  butt  plate. 

In  the   musket  of  the  model  of  1840,  and  in  the  new  percussioi sket,  the 

screw  and  trigger  are  taken  oil'  after  the  guard,  then  the  pin  for  the  ram- 
rod spring,  and  the  ramrod  springs. 

Order  in  which  the  lock  is  taken  apart. — Cock  the  piece  and  put  the  spring  vice, 
or  clamp  on  the  main  spring-  1-  The  main  spring  screw — 'J.  The  main  spring — 
:!.  The  Bear  spring  screw  (before  turning  this  screw  entirely  out,  strike  the  elbow 
of  the  spring  with  the  screw-driver,  so  as  to  disengage  the  pivot  Irom  its  mor- 
tis- 1.  Tin-  Bear  spring — 5.  The  sear  screw— 6.  The  sear — 7.  The  bridle 
•crew  B.  The  bridle— 9.  The  tumbler  screw  —  Id.  The  tumbler  (it  is  driven  out 
with  tin-  punch  inserted  in  the  screw  hole)  — 11.  The  hammer. 

Tin  lin-l;  inn!  tht  musket  are  /ml  together  in  tin  inverse  order  <;/'  taking  them  apart. 

The  tumbler  screw  has  a  larger  he, id  than  any  other  lock  screw.  The  oiher 
four  lock  screws  arc  distinguished  by  their  lengths,  which  are  in  the  following 
order,  beginning  with  tin-  shortest,  viz :  1.  Main  spring  screw — 2.  Sear  spring 
screw— 3.  Hridle  screw — 1.  Sear  screw.  The  two  side  screws  are  of  nearly 
equal  length  ;  the  point  of  the  rear  one  is  Hat,  that  of  the  front  one  rounded. 
There  an-  two  sizes  lor  the  threads  of  these  screws  j  the  lirst  for  the  side  screws, 
ih cond  for  all  the  others. 

Before  replacing  the  screw,  put  a  small  drop  of  sperm  nil  in  the  screw  hole  or 
on  the  point  of  the  screw:  put  a  drop  of  oil  also  cm  the  arbor  and  pivot  of  the 
tumbler;  between  the  movable  branches  ol  the  springs  and  the  lock  plate;  on 
the  book  and  notches  of  the  tumbler,  after  the  lock  is  put  together.  Take  care 
that  the-  Bcrews  are  not  turned  in  too  hard,  so  as  to  make  the  limbs  bind  ;  to 
insure  this,  try  the  motion  of  each  limb  before  and  after  its  spring  is  mounted, 
and  Bee  that  u  moves  freely  without  friction. 

The   Boldier  should    never  take  the  lock  apart,  take  off  the  guard,  or  lake  out 
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the  cone,  except  when  a  non-commissioned  officer  considers  it  necessary.  The 
band  and  rod  springs,  and  the  butt  plate  should  not  be  taken  oil"  unless  it  is  im- 
possible to  clean  them  in  place.  The  breech  screw  should  be  taken  out  only  by 
an  armorer,  and  never  in  ordinary  cleaning;  the  same  remark  applies  to  the 
bayonet  clasp  of  the  new  musket,  which  should  be  frequently  oiled. 


Cleaning  and  care  of  Arms. 

For  the  iron  and  steel  parts,  when  much  rusted,  use  line  emery,  sifted  and 
moistened  with  oil  ;  when  slightly  rusted,  use  rotten  stone  or  brick  dust,  sifted 
very  tine,  moistened  likewise  with  oil.  For  the  brn*s  part*,  use  rotten  stone  or 
fine  brick  dust,  moistened  with  vinegar  or  water:  these  parts  should  not  be 
used.  Make  use  of  a  hard  brush,  or  a  piece  of  soft  wood,  such  as  white  pine  or 
cedar.  Remove  the  dirt  from  t lie  screw  holes  by  screwing  a  piece  of  soft  wood 
into  them.  Wipe  the  parts  clean  with  a  linen  rag,  (leaving  a  little  oil  on  the 
inner  parts  of  the  lock),  but  never  burninh  them. 

To  clean  the  exterior  of  the  barrel,  lay  it  flat  on  a  bench  or  table  or  piece  of 
board,  in  order  to  avoid  bending  it.  The  practice  of  cleaning  a  bright  barrel  by 
supporting  it  at  the  two  ends  and  rubbing  it  with  a  strap  or  bull'  slick,  or  with 
the  ramrod  to  burnish  it  is  highly  pernicious,  and  should  be  strictly  prohibited. 
After  tiring,  the  barrel  should  be  always  washed  ;  when  the  water  comes  off 
clear,  wipe  the  barrel  dry,  and  then  pass  into  it  a  rag  moistened  with  oil. 

To  take  off  the  barrel  :  after  removing  the  bands  and  the  tang  sorew,  hold  the 
stock  and  barrel  lightly  with  the  left  hand,  about  6  inches  from  the  breech,  the 
barrel  down,  with  the  muzzle  about  an  inch  from  the  ground;  strike  with  the 
right  hand  on  the  handle  of  the  stock  until  the  barrel  is  disengaged  from  its 
groove,  supporting  the  barrel  with  the  left  hand  until  it  can  be  seized  by  the 
right  hand  and  separated  from  the  stock. 

To  change  the  run.,  when  it  is  broken  or  worn  out:  after  removing  the  old  cone, 
enter  the  new  one  carefully  with  the  fingers,  before  using  the  wrench,  in  order 
to  avoid  bruising  the  thread  in  the  barrel. 

It  is  very  important  to  use  no  other  implements  than  those  before  mentioned, 
By  using  nails  to  drive  out  the  wires,  their  holes  are  enlarged.  The  main  spring 
should  never  be  heated  for  the  purpose  of  either  raising  or  lowering  its  temper; 
this  destroys  the  elasticity  of  the  spring  and  the  lock  no  longer  gives  fire. 

The  notches  of  the  tumbler,  the  hook  of  the  mainspring,  and,  in  general  all 
the  joints  of  the  lock  should  be  frequently  oiled,  after  first  wiping  off  the  hard 
grease  and  the  dust. 

Browned  arms  are  cleaned  by  rubbing  them  hard  with  an  oiled  rag  until  the 
oil  is  well  incorporated  with  the  browning,  or  by  rubbing  them  with  beeswax  on 
a  rag-  or  cork. 
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Care  of   Wall's  Carbines. 

The  peculiar  construction  of  these  arms  renders  it  necessary  to  observe  cer- 
tain precautions  in  the  use  of  I  hem,  besides  those  which  are  required  generally 
for  the  preservation  of  small  arm-. 

pint.  Turn  out  tin-  front  side  screw  and  remove  the  receiver, 
then  mm  out  the  other  side  screw,  loosen  the  hands  and  take  off  the  barrel. 
The  order  in  which  the  other  mountings  are  detached  from  the  .-lock  i>  not 
important. 

To  take  the  back  apart.  Detach  the  limbs  in  the  following  order:  I,  the  sear 
spring  screw;  2,  the  sear  screw;  3,  the  sear;  I.  the  sear  spring;  5,  the  main 
spring  screw  (alter  compressing  the  main  spring  with  the  spring  vice,  and  de- 
taching  it  from  the  link);  6  i lie  main  spring:  7,  the  hammer  screw;  b,  the 
hammer;  '.',  the  link  screw;  10.  the  link. 

To  /,ni  the  arm  together.  The  mournings  are  attached  to  t lie  stock  before  the 
barrel  is  put  in,  observing  that  the  butt  piece  screw  should  not  be  turned  ill  hard 
until  the  barrel  is  in  place. 

To  put  the  luck-  together.  Place  the  sear  spring  and  turn  Us  screw  loosely  in  : 
put  in  the  main  spring  and  Us  screw,  and  then  the  hammer;  hook  the  link  to 
the    mam    spring  with    the  aid  of  the    spring  vice;    put    ill  the  sear  and    Us  screw, 

and  then  turn  in  the  sear  screw  and  sear  spring  micw  light.     The  tumbler  screw 

and   the    Sear    screw    should    be   turned    in    very  light  ;   the   Other   screws  are  left 

rather  loose. 

The  greatest  attention  must  be  paid  to  the  chocks,  by  which  the  recoil  of  the 

is  checked,  and  tin-  opening  between  it  and  the  barrel  regulated.     This 
opening  should  be  such  as  to  admit  one  thickness  of  common  writing  paper  and 

to  bind  two  thicknesses;  il'  the  opening  becomes  from  any  cause  too  great,  it 
may  be  diminished  by  inserting  a  thin  slip  of  metal  in  the  notch  ^(  the  supporter, 
behind  one  chock  or  both  as  may  be  required. 

The  shoulders  of  the  receiver  must  always  bear  firmly  against  both  chocks; 
the  pi'ec<  should  never  /<<.■  fired  without  the  chocks  being  in  place,  as  in  that  ease  the 
opening  between  the  receiver  and  the  barrel  becomes  milch  too  great,  a  part  of 
tin-   charge    is    perhaps  lost,  the   effect  of  the   remainder  much    lessened]  and   the 

stork  almost  inevitably  destroyed  by  the  blast,  and  by  the  undue  strain  which  it 
sutlers  from  the  recoil  of  tin-  receiver. 

ll  by  frequent  tiring  the  receiver  becomes  foul  so  as  to  close  with  difficulty, 
or  not  to  admit  the  ball  readily,  its  easy  action  may  be  restored  by  slightly  wet- 
ting it  and  wiping  the  bore  with  the  linger,  and  the  muzzle  with  the  palm  of  the 
hand. 
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INSPECTION  OF  ARMS  IN  SERVICE,  OR   WHICH   HAVE  BEEN  IN 
SERVICE. 

Implements.     Standard  and  limit  gauges  for  the  bore,  limit  gauges  for  the  ex- 
terior of  the  barrel*,  and  a  screw  plate  with  taps  lor  the  holes  of  the  lock  plate. 
The  following  are  the  principal  points  to  lie  attended   to   in   the   inspection  of 

arms  :  * 

1st.    The  arms  being  taken  to  pieces  arid  cleaned. 

Barrki..  Jf'frrts  for  which  the  barrel  mtttt  hr  condemned  a*  unfit  for  service. 
The  large  gauge  entering  the  whole  length  ol  the  barrel.  The  small  or  standard 
gauge  not  entering,  unless  the  diminution  of  the  bore  is  caused  by  the  barrel 
being  indented  or  bent,  defects  which  may  be  remedied.  A  diminution  of  the 
exterior  diameter  at  the  breech  or  at  the  muzzle,  so  as  to  enter  the  small  receiv- 
ing gauges:  this  diminution  is  0.1  inch  at  the  breech;  0.1)3  inch  at  the  muzzle 
for  arms  with  bayonets,  and  0.40  inch  for  arms  without  bayonets.  A  diminution 
of  more  than  0  125  in  the  length  of  a  pistol  barrel,  or  0.5  inch  in  the  lengths  of 
other  barrels.  Splits,  cross  cracks,  and  other  serious  defects,  caused  either  by 
bad  workmanship  or  by  use. 

Examine  the  barrel  carefully  to  see  if  it  has  any  of  the  above  defects,  and  if 
so,  mark  them  with  a  file,  when  not  very  apparent — see  if  the  bayonet  stud  is 
broken  or  too  much  worn — il  the  cone  seat  is  perfect,  anil  its  thread  in  good  order, 
and  the  vent  unobstructed.  If  the  breech  screw  is  not  light  after  entering  5  or  6 
threads,  or  if  it  can  be  screwed  down  by  hand  without  the  use  of  a  wrench — if 
the  threads  are  not  sharp  and  sound — if  the  plug  does  not  till  up  the  whole  box 
of  the  female  screw — if  the  tang  is  broken  or  cracked  at  the  screw  hole — or  if, 
when  the  breech  screw  is  in.  the  tang  is  not  even  with  the  upper  surface  of  the 
barrel,  a  new  breech  screw  is  required. 

Cone.  Examine  the  chamfered  end  of  lie  cone  to  see  that  it  is  not  broken  or 
bruised  :  examine  also  the  thread  and  the  vent. 

Bayonet.  A  bayonet  is  considered  unserviceable  if  the  blade  is  1  inch  too 
short — see  if  it  is  sound  and  perfect  in  all  its  parts,  and  if  it  fits  the  barrel — also, 
if  the  clasp  is  in  good  order  and  turns  freely. 

Lock.  See  if  the  fixed  branches  ol  the  spring?  fit  close  to  the  lock  plate,  if 
the  movable  branches  are  clear  of  it,  anil  il'  any  ol   the  parts  are  w.iod  bound. 

Have  the  springs  and  the  bridle  of  the  tumbler  renewed  w  hen  their  pivots  are 
broken.  There  should  be  an  equal  space  between  the  lock  plate  and  the  sear, 
the  tumbler  and  the  hammer. 

If  the  Mar  rubs  on  the  plate,  have  it  adjusted.  The  friction  of  the  tumbler  may 
be  caused  by  the  bridle  being  badly  pierced,  in  which  ease  renew-  the  bridle.     If 
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the  hammer  robs  on  one  side  only,  have  it  adjusted;  it"  it  rubs  everywhere,  the 
arbor  of  the  tumbler  doea  not  project  sufficiently,  and  the  tumbler  should  he 
renewed.  If  the  notches  of  tlte  tumbler  are  broken,  or  the  edges  too  blunt,  have 
them  dressed  ;  it'  the  hook  of  the  tumbler  projects  beyond  the  edge  of  the  lock 
plate  v.  lien  the  hammer  is  let  down,  the  tumbler  should  be  renewed.  The  arbor 
and  the  pivot  "!'  the  tumbler  should  tit  well  in  their  holes.  Examine  the  sear 
closely,  and  have  it  renewed  when  the  nose  is  too  thin  or  is  worn  on  the  side 
next  the  lock  plate,  although  it  may  be  perfect  on  the  exterior.  If  the  hammer 
U  not  Bteady,  the  tumbler  should  be  renewed.  Try  the  action  of  the  hammer, 
to  see  that  it  explodes  the  cap  with  certainly. 

Renew  the  lock  p/are  when  the  holes  are  too  much  worn  to  be  dressed  over. 
Renew  every  limb  that  is  broken  or  cracked,  the  screws  which  are  ton  much 
worn,  or  of  which  the  stems  are  bent,  or  the  slits  too  much  enlarged. 

Mountings.     See  if  the  parts  are  complete  and  sound. 

If  the  tunej  screw  does  not  lit  tight  in  the  screw  hole  of  the  guard  plate,  renew 
whichever  part  is  defective. 

Ramrod.  See  if  it  is  sound  and  has  a  good  thread,  and  is  of  the  proper  length, 
otherwise  replace  it. 

Stock.  Examine  carefully  the  bed  of  the  loci-,  and  the  holes  for  the  band 
springs.  Press  the  thumb  against  the  facings,  to  see  if  they  are  split  at  the  holes 
for  the  side  screws,  and  renew  the  stock  if  it  is  split  there  or  at  any  otlu -r  |  art, 
to  an  injurious  extent. 


2nd.   The  arms  complete, 

Are  inspected  according  to  the  rules   before   laid    down    for  the    inspection  of 
finished  arms  ;  due  allowance  being  made  for  the  necessary  wear  in  sen  ice. 


REPAIRS  OF  ARMS  AT  ABSENALS. 

When  arms  which  have  been  in  the  hands  of  the  troops  arc  turned  into  store 
at  an  arsenal,  they  should  be  inspected  by  a  master  armorer,  under  the  super- 
vision of  an  officer,  and  classed  as  follows  : 

1  st.  8t  rvieeable  arms. 

'_M.   A  rtns  r<  quiring  repairs. 

3d.    Irreparable  arms. 

\         requiring  repairs  are-classified  according  to  their  kinds  and   models,  and 
to  the  extent  of  the  repairs  required.     Each  arm  should  be  marked  with  a  num- 
ber, and  the  requisite  repairs  should   be    noted   on   the  register  of  inspection,  to 
guide  the  workmen  and  to  govern   the  issue  of  spare  parts  required    lor    repairs. 
Repairs  prohibited.     The  following  repairs   being  always   imperfect,  the  parts 
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requiring  them  should  be  replaced:  cutting  off  a  barrel — brazing  a  patch  on  a 
barrel — brazing  a  tang  on  the  breech  screw— brazing  a  bolster  on  a  lock  plate — 
reaming  out  the  hole  lor  Ibe  arbor  of  the  tumbler— brazing  a  piece  lor  a  tumbler 
hole  or  a  shoulder  on  the  hammer — hammering  in  the  edge  of  the  hole  to  make 
it  fit  t i ii 1 1 1  on  the  square  of  the  tumbler — putting  a  pivot  to  a  tumbler — twisting 
the  square  of  the  tumbler  to  increase  the  sweep  of  the  hammer — straightening 
the  arbor — brazing  a  ramrod — splicing  a  slock. 

The  spare  parts  furnished  from  the  armories  are  in  general  filed  ami  finished, 
except  hardening  and  tempering.     The  screws  are  finished  and  hardened. 

The  parts  of  Hall's  anih  are  supplied  in  a  finished  state. 

Fitting  new  parts.  To  adjust  <•  nets  lock,  the  Hat  of  the  banel  should  not  be 
filed,  but  the  bolsters  of  the  lock  plate  should  be  ground. 

The  barrel  .-liould  not  be  touched  with  a  file,  except  in  dressing  the  liat  on  the 
side  of  the  lock,  when  it  has  been  injured  by  rust,  fn  replacing  the  bayonet  stud, 
avoid  cutting  too  deep  into  the  barrel  and  producing  a  projection  inside  :  try  the 
small  gauge  in  the  barrel  afier  the  operation.  In  fitting  a  new  bayonet,  dress  out 
the  groove  of  the  socket  and  ream  out  the  socket  if  necessary. 

To  replace  a  lock  plate  :  Use  the  old  plate  as  a  gauge  for  filing  and  piercing  the 
new  one,  in  order  that  it  may  lit  well  in  the  stock,  etc.  In  fitting  a  hammer,  dress 
out  the  tumbler  hole  10  make  it  fit  the  tumbler;  set  the  hammer  parallel  to  the 
plate.  Let  it  down  on  the  cone  and  correct  the  set  of  the  hammer  if  necessary. 
In  adjusting  a  tumbler,  dress  the  square  or  the  notches  only,  and  never  diminish 
the  thickness.  In  fitting  a  sear,  adjust  the  dimensions  and  curve  of  the  nose 
according  to  the  r-el  of  the  tumbler  and  hammer.  J<>  dress  a  tumbler  or  a  sear, 
the  limb  should  be  first  softened  if  necessary,  and  after  being  fitted,  it  should  be 
hardened  and  tempered  blue.  In  cutting  th<-  tumbler  and  sear  screws,  cut  ihem  so 
that  they  cannot  be  driven  in  too  far.  In  fitting  a  guard  plate,  sidt  plate,  or  butt 
plate,  do  not  file  away  the  edges  so  that  they  shall  not  fit  the  beds. 

Brace  sights  and  bayonet!  studs  only,  nod  no  other  pieces  ;  the  solder  is  composed 
of  two  parts  of  brass  and  one  of  zinc,  without  any  tin. 


Irreparable  Arms. 

Arms  are  considered  irreparable  when  both  the  barrel  and  stock  are  unfit  for 
service  ;  or  when  the  arms  require  very  extensive  repairs  and  the  parts  can  be 
made  useful  for  repairs  of  other  arms.  They  can  be  broken  up  only  by  special 
authority,  and  they  should  therefore  be  oiled  and  preserved,  in  order  to  be  sub- 
mitted to  an  inspector,  as  prescribed  in  the  Ordnance  regulations. 

When  arms  are  broken  up,  the  parts  are  classed  either  as  serviceable,  reparable 
or  unserviceable;  those  of  the  last  class  should  be  turned  into  store  as  scraj>  iron 
or  steel,  etc. 
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Number  and  kind  of  Armorers'  Tools  required  for  any  number  of 
workmen,from  1  to  12.  at  an  Arsenal  for  repairs. 


B    UK    WnRKMEX. 


TOOLS. 


Awls — wire 

Band-sets,  for  muekete,  rifles  and  pistols. 
Brace,  drill,   \ 
Brace,  band,   ( 

liitt 

for  do 


Iron. 


-ramrod         \ 
i  entre  > 

chamoeringj 


do. 
do. 
do. 


'•      bayonet  boring  . 

"      side  screw 
guard  screw 

"      butt  screw 

Brushes,  bard 

Brushes,  band  (bench) 

Callipers,  pairs 

Centre  punch 

<  bisels,  cold 

Chisels,  stocker's 

Chisels,  bottoming  or  foot.. 

Cotnpanses,  pairs 

Countersinks,  pairs 

Clamps,  Bpring  for  do.. 

Clamps,  for  hands  do 

Clamps,  for  swivels  do 

Drill-how    

Dulls,  assorted 

Dies,  sits 

Drifts,  cock 

Dividers,  spring 

Bloats,  barrel  and  rod  fordo.. 

fleams  (or  sliders)   

Piles,  assorted 

Glue  pot 

Oouges,  stm  kcr's  

Grinders,  assorted 

Gauges,  lock  for  do. 

<;  tUge,  wire 

Hooks,  spring 

Hammers,  lunch 

Knives,  drawing  (stocker's) 

Levele 


fur  do.. 


.Mainli  ils.  swivel 

Mandrils,  hand,  sets  of..... 

Nippers,  pairs 

Pliers,  pairs  

Planes,  assorted,  stocker's 

Reamers,  for  do 

hods,  wiping 

Rods,  rifling 

Rlflers 

Stal.es   

i-aw-.  back 

Btocks,  die  

Stocks,  drill 

Bet-punch 

Scraper,  barrel — musket,  rifle  and  pistol 

Screw-drivers 

Screw  plates 

Squares,  iron 


10      11      12 
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Number  and  kind  of  Armorers'  Tools — Continued. 


NUHBEB  OF  WORKMEN. 


TOOLS. 

Tongs,  pairs 

Talis.  COne — sets 

Taps,  lock  screws — musket,  rifle  and  pistol.. 
Taps,  side  screws —  do. 

Taps,  breeching —  do. 

Vices,  barrel 

Vices,  bench 

Vices,  band 

Wrenches,  breech  and  tap — musket,  rifle 

and  pistol  

Wrench  es — hammer 

Wrenches — cone 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

7 

7 

7 

7 

7 

7 

7 

7 

_ 

7 

. 

1 

1 

1 

1 

1 

1 

2 

2 

2 

■-' 

2 

6 

6 

6 

6 

12 

12 

12 

12 

is 

is 

18 

6 

6 

6 

6 

12 

12 

12 

12 

is 

is 

18 

9 

9 

it 

9 

9 

9 

9 

'.i 

9 

9 

9 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

2 

3 

4 

5 

6 

7 

8 

<> 

10 

11 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

'J 

2 

2 

3 

3 

Spare  parts  required  for  the  repair  of  1,000  Percussion  J  [us  Lets,  for 
one  year,  in  the  field. 


Pauts. 


Barrels 

Breech  screws. 

Tang  screws 

Cones    i 

Bayonets  

Bayonet  clasps. 
Clasp  screws 

Locks 

Lock  plates i 

Hammers 

Tumblers , 

Tumbler  screws  .  .  , 

Bridles    

Bridle  screws 

Sears  

Sear  screws 

Sear  springs 

Sear  spring  screws. 

Main  springs 

Main  spring  screws 

Side  screws 

Upper  bands 

Upper  band  springs 

Middle  bands 

13 


2 

20 

50 

75 

75 

100 

100 

2 

6 

75 

75 

125 

25 

125 

•in 

1 25 

125 

125 

125 

125 

200 

50 

75 

30 


2 
6 

75 

7.'. 

125 

25 

125 

40 

125 

1 25 

1 25 

125 

125 

200 

50 

75 

30 


Pahts. 


Middle  band  swivels 
M  iddle  band  springs. 

Lower  bands , 

Lower  band  springs. 

Side  plates    

Guard  plates 

Guard  bows 

Guard  bow  nuts 
Guard  bow  swivels.  . 

Triggers 

Trigger  screws 

Trigger  pins 

Guard  plate  screws. . 

Butt  plates 

Butt  plate  screws  .  .  . 

Ramrods 

Ramrod  springs. . . . 
Ramrod  spring  puis  . 
Ramrod  stops 


Screw  drivers 
Wipers 

Ball  screws. .  . 
Spring  vices  . . 


75 


100 
50 
50 

10 
50 
75 
76 
25 
25 


-  v 

v  2 


75 
30 
30' 
30. 

30' 
10 
10' 

50 
25 

25 

75 

5 

25 

100 


50 
75 
75 
25 
25 
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Sparc  parts   required   for  the  repair  of  1,000   Percussion   Rifles, 
Musketoons,  and  Pistols,  during  one  year,  in  the  field. 


Parts. 


Barrels 

Guides 

Sights 

Breech  screws  ...    

Tan-  screws 

(v()  IK'S 

Locks  

Lock  plates 

Hammer- 

Tumblers 

Tu ui hie r  screws 

Bridles 

Bridle  screws 

Sears 

Sear  screws 

Sear  springs 

Seai-  spring  screws 

Main  springs 

.Mam  spring  screws 

Snle  screws 

Upper  band  with  swivels 

Upper  band  swivels  and  rivets 

Upper  band  springs 

Lower  bands 

Lower  band  springs 

Swivel  bars 

Swivel  bar  rings 

Swivel  bar  nuts 

Side  plates 

Guard   plates 

Guard  bows 

Guard  bow  nuts 

Guard  bow  swivels  and   rivets 

Triggers   

Trigger  screws 

(  Mia rd  plate  screws 

Butt  plates 

Butt  plate  screws 

Hi  ix  pi  ales,  with  catches 

BOX    plate  screws \ 

Bi  'X  plate  springs 

\)n\  pi  ale  spring  screws 

Ramrods 

]{  hi i rod  heads 

Ramrod  springs  and  pins 


20 


Cavalry 
Musketoon. 


20 


10 

10 

10 

50 

25 

25 

10 

10 

10 

Pistol. 


10 

lit 

10 

5 

30 

25 

10 

50 

50 

50 

2 

2 

o 

•) 

25 

25 

20 

20 

20 

20 

100 

100 

50 

20 

20 

15 

50 

50 

25 

20 

20 

15 

50 

50 

25 

50 

50 

25 

50 

50 

25 

50 

50 

25 

50 

50 

25 

100 

too 

50 

10 

10 

50 

30 

30 

in 

in 

It) 

20 

20 
40 
20 

10 

10 

10 

10 

III 

5 

20 

20 

10 

JO 

40 

20 

50 

10 

10 

5 

111 

10 

.i 

50 

50 

25 

ID 


12 
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Spare  parts  of  Arms — Continued. 


Parts. 


Ran i  rod  slops 

r  side  bars.  . 

Ramrod  swivel..  ■!  ■  ••.. 

cross  heat! 

|  rivet  burrs 

Stockfl 

Screw  drivers1 

Wipers 

Ball  screws 

Spring  vices 

Bullet  moulds 


Riflt 


30 
50 
50 

10 
10 

1(1 


Cavalry 

Pistol. 

Musketoon. 

5 

100 

50 

no 

25 

50 

25 

100 

30 

20 

50 

25 

50 

25 

10 

5 

10 

5 

in 


Spare  parts  required   for  tin-  repair  of  1,000   Kali's  Carbines 
(percussion)  for  one  year,  in  the  Jiehl. 


Parts. 


Barrels  and  supporters  complete. 

Chocks 

Chock  screws 

Receivers 

Cones  

Hammers 

Tumbler  screws 

Sears 

Sear  screws 

Sear  springs 

Sear  spring  screws 

Links 

Link  screws 

Main  springs 

Main  spring  screws 

Catches 

Catch  screws 

Catch  springs 

Catch  spring  screws 

Side  screws 

Butt  pieces 

Rutt  piece  screws 


No. 


50 
100 

50 

50 
50 
-.'(i 
25 
50 
50 
50 
50 
5  J 
50 
25 
25 
25 
25 
100 
10 

25 


Parts. 


A  prons  and  stops. . 

Upper  hands  

Ramrod  springs. . . 
Upper  hand  springs 

Lower  hands 

Swivel   bars 

Swivel  screws 

Swivel  rings 

Guard  plates 

Guard  hows 

Guard  how  nuts. . . 
Catch  lever  ami  pin 
Guard  plate  screws 

Butt  plates 

Butt  plate  screws. . 

Ramrods 

Stocks 

Screw-drivers 

Wipers 

Spring  vices 

Bullet  moulds 


No. 


10 
10 

m 

10 
10 
20 
20 
20 
10 
10 
20 
20 
50 

5 
10 
50 
100 
25 
25 

5 
10 
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Fur  the  repair  <>/"  the  Artillery  Miuketoon  : 
The  same  parts  as  for  the  Cavalry  Musketooir.  with  the  following  exceptions 
Omil  :  Swivel  bars,  rings,  and  n«i». 

Add  :    Swivel  plate  and  studs 25 

Swivel  plate  screws 50 

Swivel  and  rivets 50 

Lower  hand  springs 20 

For  the  repair  of  arms  in  the  hands  of  troops  in  garrison,  lake  about  one-half 
ol  the  number  of  parts  required  for  arms  in  the  field. 

Spare  parts  required  for  repairs,  if  not  obtained  fiom  arms  that  are  broken  up, 
are  supplied  from  the  armories,  on  requisitions  made  in  the  manner  pointed  out 
by  the  regulations  of  the  Ordnance  Department. 


Durability  and  Strength  of  Musket  Barrels. 

The  Confederate  States  musket  barrel  being  much  like  the  French  musket  bar- 
rel, the  foil  wing  remarks  relative  to  the  latter  (extracted  from  the  Aide  Memoirs] 
will  apply  to  the  former.  It  is  to  be  observed  that  the  charge  of  the  French 
musket  was  formerly  162  grains  troy,  priming  included  (or  11(3  grains,  exclusive 
of  pinning),  and  is  therefore  considerably  greater  than  our  present  service 
charge. 

The  regulation  fixing  the  duration  of  small  arms  in  the  French  service  at  50 
years,  is  founded  on  the  durability  of  the  barrel,  which  is  the  most  important 
part  of  those  arms.  Experience  has  shown  that  a  musket  barrel  will  bear  25,000 
discharges  without  becoming  unserviceable,  and  even  in  time  of  war  a  musket 
is  not  lired  more  than  500  limes  a  year.  The  wear  caused  by  tiring  is  therefore 
small,  and  the  principal  cause  of  the  rejection  of  barrels  is  the  diminution  of 
0.09  in  the  diameter  of  the  breech.  With  good  management  and  care,  that  dimi- 
nution will  take  place  very  slowly,  and  it  ought  not  generally  to  occur  in  the 
space  of  50  years. 

It  has  also  been  ascertained,  by  direct  trials,  that  the  strength  of  the  barrel 
furnishes  every  requisite  security  against  the  accidents  of  service  and  the 
■want  of  care  on  the  part  of  the  soldier;  and  that,  even  after  being  reduced  in 
diameter  0.09  inch  at  the  breech,  it  is  still  perfectly  safe  against  the  effect  of  the 
charge.  In  experiments  made  in  180(5,  barrels  reduced  0.13  inch  at  the  breech, 
bore  a  double  and  triple  charge  with  one  ball,  or  2  cartridges  placed  one  over  the 
other. 

Other  trials  were  made  in  1S29,  at  the  manufactory  of  Mutzig,  on  arms  sent 
there  for  repairs,  which  had  been  a  greater  or  less  time  in  the  hands  of  the 
troops.     They  furnished  the  following  results: 

1st.  When  a  musket  barrel  is  charged  with  a  single  cartridge,  placed  in  any 
part  of  it,  or  with  2  or  even  with  3  cartridges,  inserted  regularly  without  any 
interval  between  them,  there  is  no  danger  of  bursting;  with  4  cartridges  inserted 
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regularly  over  each  other,  or  with  2  or  even  3  cartridges  placed  over  each  other 
with  slugged  balls  (or  balls  (/riven  in,  as  in  a  rifle)  there  is  danger  only  in  case  of 
some  defect  of  fabrication,  or  some  deterioration  in  the  barrel— with  more  than 
4  cartridges  inserted  regularly  one  over  another,  or  with  2,  3  and  4  cartridges 
with  intervals  between  them,  it  is  not  safe  to  fire. 

2d.  No  danger  of  bursting  is  occasioned  by  leaving  a  ball  screw  in  the  barrel. 
There  maybe  danger  from  a  plug  of  wood  driven  ti^lit  into  the  muzzle,  when  the 
barrel  has  been  loaded  with  2  cartridges;  or  from  a  cork  rammed  into  the  barrel 
to  a  certain  distance  from  the  charge,  with  another  cartridge  over  it. 

Snow,  clay  and  sand,  which  may  be  accidentally  introduced  into  the  barrel 
are  not  dangerous,  if  they  lie  close  to  the  charge;  but  they  are  so  when  there  is 
a  space  between  them  and  the  charge;  in  this  case  sand  is  the  most  dangerous, 
then  clay  and  snow. 

Halls  or  pieces  of  iron  inserted  over  the  charge,  were  not  attended  with  dan- 
ger when  placed  close  to  the  charge,  even  when  their  weight  amounted  to  1|  lb.; 
but  there  is  dinger  from  a  piece  of  iron  0.5  inch  square,  weighing  J  lb.,  if 
placed  20  inches  or  more  from  the  breech. 

3d.  A  barrel  with  a  defect  which  might  have  escaped  the  inspector  at  the 
armory,  bore  the  explosion  of  3  carti  idges,  regularly  inserted.  After  mutilation, 
which  may  have  caused  a  reduction  of  metal  in  some  parts,  it  may  still  be  used 
without  danger. 

Finally,  the  diminutions  of  exterior  diameter  which  may  be  produced  in  ordi- 
nary service,  are  never  sufficient  to  be  dangerous.  In  these  trials,  barrels  origin- 
ally 0.272  inch  thick  at  the  breech,  did  not  burst  when  loaded  with  2  cartridges, 
until  the  thickness  was  reduced  to  0.1G9  inch,  and  with  one  cartridge  to  0.091 
inch. 
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SWORDS    AND   SABRES. 

NOMENCLATUB  E. 

Cavalry  Sabre. — Plate  15. 

Blade.  Shoulder,  hack,  edge,  bevel,  point,  curvature,  large  groove,  small 
groove;  tang,  riveting. 

HlLT.  Surmounting  (brass)  notch  for  the  guard,  back,  rivet  cap,  hole  for  the 
tang  of  the  blade — grip'',  wooden  body  (birch  or  maple),  leather  covering  (calf 
skin  blackened),  wires  (brass),  notch  for  the  guard,  ridges,  shoulder,  hole  for  the 
tang  of  the  blade — Guard;  front  branch,  hook;  bad-  brunch:  middle  branch; 
plate,  mortise  for  the  tang,  flange,  bead.  lip. 

Scabbard  (sheet  steel). — Body,  back,  front,  sides,  holes  for  the  rivets — Mouth 
piece,  run,  springs,  rivet  holes;  2  rivets — 2  Hands,  knob,  eye  for  the  ring — 2 
Rings — Tip,  front  branch,  back  branch. 

The  same  sabre,  with  gilt  mountings,  for  cavalry  officers. 

Sabre  for  Mounted  Artillery. —  Plate  15. 

Blade.     With  but  one  groove. 

Hilt.  Guard,  one  branch  terminating  in  a  scroll;  the  plate  has  2  countersinks, 
one  for  the  gripe,  the  other  for  the  scabbard. 

Scabbard.    Spring  fastened  to  the  back  by  1  rivet — -no  mouth  piece. 

In  other  respects  the  nomenclature  is  the  same  as  that  of  the  cavalry  sabre. 

The  same  sabre,  with  ornamental  gilt  mountings,  for  mounted  officers  of  artil- 
lery and  infantry. 

Foot  Artillery  Sword, — Plate  15. 

Blade.  Straight,  two  edged,  narrower  nearer  the  hilt  than  in  the  middle — Body 
(or  blade  proper),  shoulder,  shoulder  rounding,  ridges,  point,  bevels,  edges — 
Tang,  its  rounding  and  riveting,  three  holes  for  the  gripe  rivets. 

Hilt  (brass,  in  one  piece). — Cross,  knob  and  panel  of  the  cross,  mortise  for 
the  i:iiil',  gripe,  fillet,  necks,  swell,  knob  with  an  eagle  on  each  side,  bolster  and 
hole  for  the  tang  rivet,  grooves  and  ridges,  three  holes  and  bolsters  for  the  gripe 
rivel — 3  Rivets  (iron). 

Scabbard  (harness  leather,  jacked,  blackened,  and  varnished). —  Body,  edges, 
inner  and  outer  sides — Mountings  (brass).  —  Ferrule,  stud,  bead,  cap — Safes  (buff 
leather)  4  Nails  for  the  ferrule  and  safes — Tip,  bead,  knob — 1  Nails  lor  the  tip. 
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Infantry  Sword. — Plate  15. 

Blade.     (Straight,  cut  and  thrust) — Baek,  edge,  groove,  level  point. 

HlLT.  Surmounting  (brass),  uoteli  for  the  hook  of  the  guard,  rivet  cap, 
shoulder  Tor  the  ferrule,  hole  for  the  tang;  2  ferrules— Gripe,  wooden  body,  hole 
for  the  tang —  Covering  (sheet  bras-),  grooves  and  ridges. 

Guard,  in  owe  piece;  branch,  hook  and  its  shoulder;  plate,  flange,  bead;  knob. 

^cabbakk  (leather)— Ferrule  <o/</  hook-  (brass)—  Tip  (brass),  body,  front  branch, 
back  branch. 

This  sword  is  for  the  non-com  missioned  officers  of  foot  troops;  a  similar  one. 
without  the  guard  i'l"t>  and  with  a  blade  'Jo  inches  long,  for  musicians. 

The  sword  lor  otficcra  not  mounted  is  also  of  the  same  pattern,  with  ornamented 
gilt  mountings  '""I  a  silver  gripe;  the  inner  half  of  the  guard  plate  is  made  with 
a  liiui/i . 


Principal  dimensions  and  weights  of  Swords  and  Sabres. 


DIMKNSI    INS. 


Cavalry 
sabre. 


Artillery  Artillery 

sabre.    I    sword. 


In. 

Whole   length  of  the   sword   or  sabre  in  its 

suabbard 13.25 

Length  ol  the  blade  proper 36. 

Length  of  the  scabbard I  37. if) 

Width  of  the  blade  in  the  middle 1.1 

Versed  sine   of  the  curvature   of  the  blade 

in  the  middle 1.5 

Versed  sine  of  the   curvature   of  the  blade 

in  proof 7.5 


Lb. 


Weight  of  the  sword  or  sabre,  complete. 
Weight  of  the  finished  blade 


4    8 
1     5 
Weight   of  the  scabbard 2     2 


In 

38 

6 

32 

33 

1 

06 

2 

32 

6 

5 

Lbs. 

oz. 

4 

14 

In. 

26. 
19. 
20. 
1.8 


Lbs 


oz. 

3     3 

1     9 

10 


Infantry 
sword. 


In. 

38.75 

32. 
32.5 
0.72 


6.5 


Lbs.   oz. 
2     5 


PROOF    AND    INSPECTION    OF    SWORDS    AND    BABRES. 

1st.  The  dimensions  and  form  of  the  blade  are  verified  by  comparing  it  with 
the  model,  and  by  applying  the  appropriate  gauges  and  patterns,  for  the  length, 
Width  and  thickness  at  several  points,  and  the  curvature,  if  any. 

2d.  The  blade  is  then  proved  as  follows :— 1st.  The  point  is  confined  by  a 
staple,  and  the  blade  is  bent  on  each  of  the  tlat  sides  over  a  cylindrical  block, 
the   curvature  ol"  which    is  that  of  a  circle  35  inches  diameter,  the  curvature  of 
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the  part  next  the  tamr  being  reduced  by  inserting  a  wedge  0.7  inch  thick  at  the 
head  and   1  I  inches  long.    2d.  It  is  struck  twice,  on  <-u-h  of  the  flat  sides,  on  a 

Mock  of  oak  wood  the  curvature  of  which  is  the  *a as  the  above.     3d.  It  is 

struck  twice  on  the  edge  and  twice  on  the  hnck  across  an  oak  Mock  1  loot  in 
diameter,  hh.  The  point  is  placed  on  the  floor  and  the  blade  bent  until  it 
describes1  an  arc  having  the  versed  sine  Indicated  in  the  above  table.  After 
these  trials  the  Made  is  examined  to  see  that  it  is  free  from  flaws,  cracks,  or 
other  imperfections,  and  that  it  is  not  set,  that  is  to  say.  does  not  remain  bent. 

The  blade  oi  the  Artillery  sword  is  proved  by  striking:  each  of  tbe  sides  and 
edjres  twice  on  a  Hal  Mock  of  hard  oak  wood. 

The  stamp  of  approval  or  condemnation  is  placed  on  the  side  of  the  blade, 
below  the  tang. 

3d.  The  form,  dimensions  and  workmanship  of  the  mounting*  arc  examined 
and  compared  with  the  model.  After  the  blade  is  mounted,  the  sword  is  again 
examined,  and  it  is  struck  4  times  on  a  hard  block  of  wood  to  test  the  strength 
of  the  mountings.  The  quality  of  the  brass  mountings  may  be  tested  by  break- 
ing a  certain  number,  not  more  than  -I  in  each  hundred,  which  should  be  taken 
from  the  pieces  rejected  for  erroneous  dimensions. 

4th.  The  form,  workmanship,  and  finish  of  the  scabbards  are  examined  and 
compared  with  the  model,  and  their  littiiiir  to  the  blades  tested.  The  sewing  of 
leather  scabbards  and  the  fastening  of  the  ferrules  and  tips  will  be  particularly 
examined. 

Steel  scabbards  are  proved  by  letting  fall  on  them,  from  a  height  of  L8  inches. 
an  iron  weigh)  of  two  pounds,  1  inch  square  at  the  base:  1st  on  one  side  just 
above  the  upper  band;  '2d.  on  the  same  side,  (i  inches  from  the  lip;  3d,  on  the 
opposite  side,  just  above  the  lower  band.  In  this  proof  the  scabbard  should  not 
remain  indented.  The  nature  of  the  material  (whether  iron  or  steel)  may  be 
tested,  if  there  is  any  doubt,  by  using  nitric  acid  which  will  leave  a  black  spot 
on  the  steel  but  not  on  the  iron. 


PACKING    SWORDS    ANH    8ABRB8. 

Packing  boxes  for  swords  and  sabres  are  made  on  the  same  principles  as  those 
for  muskets  ami  other  small  arms,  being  furnished  with  packing  boards  or  parti- 
tions made  with  grooves  to  receive  the  scabbards  near  the  lull  and  near  the 
point;  the  swords  are  placed  in  their  scabbards,  with  the  hills  and  points  alter- 
nately toward  each  end  of  the  box;  except  the  Artillery  swords,  two  of  which 
are  placed  in  the  length  of  the  box,  their  points  resting  on  a  packing  board  in 
the  middle.      Number  packed  in  a  box: 

30  Cavalry  sabres.  50  Artillery  swords. 

00  Artillery  sabres.  50  Infantry  swords. 
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CLEANING    SWORDS    AND    SAHRES. 

The  iron  and  brass  parts  of  swords  and  sabres  are  cleaned  in  the  same  man- 
ner as  those  of  muskets.  When  the  oil  on  the  blade  of  a  sword  is  dried  up. 
it  will  leave  a  spot  which  may  be  removed  by  covering  it  with  oil  and  rubbing 
it  smartly,  after  a  short  time,  with  a  linen  rag.  When  a  leather  scabbard  has 
become  wet,  draw  the  blade  and  dry  the  scabbard  slowly  without  heating  it; 
wipe  the  blade  dry  and  pass  an  oiled  rag  over  it  and  the  scabbard,  before  return- 
ing the  blade.  Oil  the  blades  of  arms  in  store,  and  also  the  scabbards,  especially 
on  the  seams. 


ACCOUTREMENTS. 
Infantry  Accoutrements. 

Cartridge  Box  (black  bridle  leather).  Length  7.2  inch;  width  1.6  inch:  depth 
in  front.  5.6  inch — inner  cover  (light  upper  leather).  4  inches  wide,  with  end  pieces 
sewed  to  it  so  as  to  cover  the  ends  of  the  box — flap,  8.5  inches  wide  at  bottom. 
8  inches  at  lop,  with  a  button  hole  strap  sewed  near  the  bottom — brass  button. 
riveted  to  the  bottom  of  the  box — implement  pocket  (light  upper  leather)  sewed 
to  the  front  of  the  box;  6  inches  long,  3.5  inches  deep,  with  a  flop,  strap  and 
loop — 2  loops,  on  the  back  of  the  box,  near  the  top,  for  the  shoulder  belt  to  pass 
through.  2  roller  buckles  (japanned  black),  for  the  belt;  sewed  to  the  bottom  of 
the  box.  Two  Tins,  each  with  one  lower  division,  3  inches  by  3.3  inches,  open  in 
front,  to  contain  a  bundle  of  10  cartridges,  and  2  upper  divisions,  2.7  inches  deep, 
one  of  2  inches  by  1.35  inch  for  li  cartridges  ;  the  other  1.35  inch  square,  for  4 
cartridges.  The  edges  of  the  tin  are  turned  over  and  soldered  down,  to  prevent 
them  from  cutting  the  cartridges.  All  the  tin  linings  should  be  made  to  slide 
freely  in  the  boxes. 

Cartridge  Box  Plate  (brass) :  oval,  3.5  inches  by  2.2  inches,  with  the  letters 
C.  S.  A.  stamped  on  it — 2  eyes,  of  iron  wire,  for  fastening  the  plate  to  the  flap  of 
the  box. 

Cartridge  Box  Belt  (buff  leather) :  width,  2.25  inches;  length  55.5  inches, 
clear  of  the  2  billets  for  buckles,  which  are  each  4.25  inches  long  and  0.S75  inch 
wide 

Cartridge  Box  Belt  Plate  (brass):  circular,  2.5  inches  diameter,  stamped 
with  an  eagle  ;  2  eyes,  of  iron  wire. 

Cap  Pouch  (black    bridle  leather);    length   and    depth    3  inches;    width    1.25 
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inch  —  hin>  r  i  nm  .  with   end    pieces — -flap,  made   of  the  same   piece  as  the    back, 

with    a    butlon  hole  strap  at  the  bottom  —  Inns*  button,  riveted    under    the    bolt 

of  the  pouch — 2  /<. •./,>•.  sewed  to  the  hack.  '.'. '-'•">  inched  long,  to  admit  a  waist  belt, 
of  '-'  111. -he: — lining:  a  strip  of  sheepskin,  with  the  wool  on.  L.5  inch  wide,  glued 
with  fish  '.'Inc.  and  sewed  to  the  back,  at  the   mouth  of  the  pouch. 

Com  Pick  (steel  wire,  No.  IS);  1.5  inch  long;,  with  a  ring  handle  0,5  inch 
diameter;   it  is  carried  in  a  loop  in  the  inner  left  hand  corner  of  the  cap  pouch. 

B  A  YON  l  r  Scahijard  (black  bridle  leather).  Length,  including  the  ferrule  and 
up-  for  the  bayonets  of  the  model  of  L822,  Is  inches;  for  bayonets  of  model  of 
1840,  19.5  inches.  Ferrnh  ((ml  tip.  brass.  Frog  (bull"  leather):  sewed  to  a  socket 
of  black  leather  which  is  fastened  to  the  top  of  the  scabbard — the  frog  slides  on 
the  waist  belt. 

Waist  Belt  (bud"  leather);  width  1.5  in.:  length  38.5  in.:  a  loop  at  one  end. 

Waist  Belt  Plate  (brass):  oval.  2. S.  in.  long  by  1.6  in.  wide,  stamped  with  the 
letters  C.  S.  A.      1  at ii (I  and  1  hook  (brass). 

Gun  Sling  (russet,  bag  leather):  width  1.25  in.;  length  16  in.;  I  standing  and 
1  sliding  loop — hook  (brass)  fastened  to  ihe  sling  with  2  brass  rivets. 

Sword  Shoulder  Belt,  for  non-commissioned  officers — (bull"  leather) — width 
2.3  in.;  length  of  short  branch  17  in.;  long  branch  40  in.  —  1  standing  loop,  on 
I < 1 1 1 lt  branch  —  Frog  for  sword. 

Shoulder  Belt  Plate — like  the  cartridge  box  belt  plate,  except  in  having  3 
hooks,  instead  of  eyes. 


.Rifle  Accoutrements. 

Cartridge  Box.  The  leather  parts  are  like  those  of  the  infantry  cartridge 
box;  length  7.2  in.,  depth  in  front  5  inches,  width  1.6  in.  Two  loops  are  placed 
upright  on  the  back  of  the  box,  to  receive  a  2  in.  waist  belt.     The  tin  lining  has 

2  lower  divisions,  each  3.3  in.  long  by  2.S  in.  deep,  and  5  upper  divisions,  1.35  ill. 
square  by  2.1  in.  deep. 

Cartridge  Box  Plate.  Like  the  infantry  waist  belt  plate,  except  in  having 
instead  of  a  stud  and  a  hook,  2  eyes,  to  fasten  n  to  the  flap  of  the  box. 

Cap  Pouch.  ) 

Conk  Pick.  | 

Waist  Belt.     2  in.  wide. 

Waist  Belt  Plate:  like  infantry  cartridge  |  In  other  respects  the  same  as  for 
box  plate,  with  2  studs  and  a  hook.  ihe  infantry. 

Gun  Sling. 

Sword   Shoulder   Belt,    for   non-com  mis-  | 
sioned  officers.  J 

Pouch  (light  upper  shoe  leather),  7  in.  wide  at  bottom.  6.6  in.  at  top,  5.5  in. 
deep,  made  with  gussets  at  the  sides  and  bottom— partition — ;//"/<,  2.7  in.  deep, 
with  B  strap  and  leather  button  on  the  front  side — 2  loops  (japanned  iron),  0.9  in. 
wide  and  0.7  in.  long,  for  the  bell  rings. 


NOMKXCI.ATl'RK  — DIMENSIONS.  2(tt 

Flask.  Body  (copper  bronzed)  leniMh  7  in.,  erreatest  width  4  in.,  thickness  2 
in.:  diameter  at  lop  1.7  in. — inner  charging  tube  (Urns*)  0.57  in.  diameter.  1  in. 
long — outer  >■!,<, rging  tube  0.65  in  diameter,  1.75  in.  Inns- — valve  and  spring— 2  rime/a 
For  belt  (copper).  Flask  holds  S  oz.  of  powder:  maximum  charger  100  grains, 
minimum  75  grains— weight  of  Bask  complete,  13  oz. 

Flask  and  Pouch  Belt  (bun"  leather),  1.5  in  wide — hth.  26  in.  long— 2  ttrapt 
at  each  end,  13.5  in.  long,  0.6  in.  and  0.9  in.  wide,  to  which  the  pouch  and  flask 
are  attached  by  bras*  hooks,  riveted  to  the  straps. 


Cavalry  Accoutn  merits. 

Cartridge  Box.  f>ir  carbine  or  musketoon  ;  like  the  rirle  cartridge  box. 

Pistol  Cartridge  Box.  It  is  like  the  carbine  cartridge  box,  except  in  its  di- 
mensions: length  6.2  in.,  width  1.3  in.,  height  in  front ,3.5  in. — inner  cover,  3.5  in. 
wide — flap,  6.6  in.  wide  at  top,  68  in.  at  bottom,  0  in.  deep — Tins:  2  lower  divi- 
sions,  2  in.  deep,  2.9  in.  long,  1.2  wide:  5  upper  divisions,  1.2  wide  by  1.15  in. 
Ii  ing  and   1 .5  in.  deep. 

Cartridge  Box  Plate,  for  carbine  or  pistol  cartridge  box  ;  the  same  as  for  the 

rifle. 

Cap  Poich.  ]    .  -     ., 

^         ,,  .  the  same  as  lor  the  inlantry. 

Cone  P,ck,   J  ; 

Sabre  Belt  (buff  leather) — Waist  belt,  2  inches  wide,  36  in.  to  40  in.  long — 

1  squart  loop  and  2  l>  rings    brass),  for  attaching  the  sling*  and  shoulder  strap — 

1  shoulder  strop,  1.125  in.  wide,  41  in.  long,  with  2  hooks,  brass — 2  tabre  slings 
1.125  in.  wide;  front  sling  17  in.  long,  rear  sling  34  in. — 4  stud*  for  do.,  brass — 1 
tabre  hook,  brass  wire. 

Sabre  Belt  Plate — Like  the  rille  waist  belt  plate. 

Sword  Knot  (buff  leather)— -Strap  1  in.  wide,  36  in.  long;  one  end  of  the 
strap  i>  fastened  to  a  f»e?*e/3  in.  long;  the  other  end  is  passed  through  the  tassel 
after  going  round  the  guard  of  the  sabre,  and  is  fastened  by  one  of  the  tags  ol 
the  tassel — 1  sliding  loop. 

Carbine  Sling  (buff  leather).  Length  56  in.  width  2.5  in. — 1  buckle  and  1  tip, 
brass — swivel  and  D  with  roller,  bright  iron.  2.62  in.  wide — link  and  hook,  iron — 
guard-spring,  steel. 

Holsters.  Pipe  (sole  leather,  black);  diameter  of  cylindrical  part  2  in.; 
length  of  do  7.5  in.;  width  of  the  mouth,  4.8  in  ;  depth,  2.2  in.;  whole  length, 
14  5  in. — pocket  (light  upper  leather),  3.2  in.  long,  2.5  in.  deep,  lined  with  tin  and 
covered  with  a  flap — 5  cylindrical  divieions,  diameter  0.6  in.,  each  for  one  car- 
tridge—  I  centre piect  forming  the  backs  and  connecting  the  two  holsters  (bridle 
leather,  black),  length  22  in.,  width  5.75   in. — 2  »t,<rj,s  14  in.  long,  0.75  wide,  with 

2  buckles,  lo  attach  the  holsters  to  the  saddle — 2  surcingle  loop*  (light  bridle 
leather,  black),  1.5  in.  wide,  3.5  in.  long,  doubled. 
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Tin,  holster  covert  (black  leather);  10  in  long.  9.5  in.  wide  over  the  cartridge- 
pocket — *trn},*,  1  in.  long,  1  in.  wide,  to  button  on  2  brase  stud*  on  the  hobUer 
pipes. 


Artillery  Accoutrements. 
For  Mounted  Artillery. 

Sabre  Belt  (buff  leather)  1.7  in.  wide.  36  to  -10  in.  Ion?— 2  leather  loops,  sewed 
on  the  outside  of  the  belt  for  attaching  2  braee  loop*  for  the  slings — 2  eabn  elingt, 

like  those  on  the  cavalry  sabre  belt — 1  etude  for  do. —  I  eabre  hunk. 

Sabre  Belt  Plate  (brass),  circular.  1.4  in.  diameter,  lettered  C.S.A.;  it  slides 
on  the  belt  and  is  fastened  by  a  braee  hook  and  a  eliding  loop— the  plate  hooks  in 
a  ring  1.95  in.  exterior  diameter,  attached  to  the  left  side  of  the  belt. 

Sword  Knot.  •  Like  that  for  cavalry. 


For  Foot  Artillery. 

SWOED  Belt  (buff  leather)  1.7  in.  wide,  made  in  three  pieces;  tony  branch, 
'J  1  in. :  frog  piece  4.5  in. ;  ehort  branch,  1  in. ;  they  are  united  together  by  2  loops, 
brass— frog,  3.5  in.  deep,  2.5  in.  wide  at  lop  and  2.3  in.  at  bottom,  suspended  to 
the  loops  by  2  elinge  1.3  in.  wide  and  3.5  in.  long. 

BELT  Plate,  the  same  as  for  the  sabre  belt  of  mounted  artillery. 

This  belt  is  also  used  by  the  non-commissioned  officers  of  infantry,  when 
armed  with  the  foot  artillery  sword. 


Slippers'  Accoutrements. 

BwOBD  Belt  (buff  leather),  2  inches  wide,  36  to  40  inches  Ion::.  Frog,  sliding- 
on  the  waist  belt ;  width  of  the  loop  for  the  belt  3  inches  ;  width  at  the  bottom  1 
inches. 

Belt  Plate,  like  that  for  the  artillery. 

C  mm  riiii.k  Box  isn  Plate,  ] 

Cautimihje  Box  Belt  and  Plate,  I  .,  r       .      .    .     . 

Cap  Poi  i  ii  i  t"e  same  as  'or  the  infantry. 

Con  Pick,  J 


MATERIALS    FOR    ACCOUTREMENTS. 
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Spare  parts  required  for  repair  of  Side  Arms  and  Accoutrements, 
for  one  year,  in  the  field. 

For  1000  non-commistioned  officers^  or  musicians'  swords. 

100  lips  for  scabbards. 

20  ferrules  and  hooks. 
40  guard  bows. 
50  belt  plates. 

For  1000  Infantry  accoutrements. 

50  tips  lor  bayonet  scabbards. 

25  cartridge  box  plates. 

50  cartridge  box  belt  plates. 
100  waist  belt  plates. 
100  cone  picks. 

For  1000  Cavalry  carbine  slings. 

150  swivels.  . 

150  swivel  springs. 


MATERIALS  REQUIRED  FOR  MAKING  ACCOUTREMENTS. 


Leaf  lar. 

19  Infantry  cartridge  box  bells] 
200  Infantry  bayonet  frogs 

45  Infantry  waist  belts 

34  Kille  waist  belts 

33  Rifle  poucli-and-flask  belts     [_  Either  of  these  can  be  cut  out  of  one  hide  of 

15  Cavalry  sabre  belts  ]       huff  leather. 

20  Foot  artillery  sword  belts 

20  Horse  artillery  sabre  belts     | 
20  Carbine  slings 
70  Sword  knots 

40  Gun  slings — out  of  one  butt  of  bag  leather. 
8  Pairs  of  holsters — out  of  one  side  of  heavy  sole  leather. 

11  Infantry  cartridge   boxes-except   pockets   and  inner  covers — out  of  one 

side  of  hear)/  bridle  leather. 
27  Bayonet  scabbards  ") 

10  Cap  pouch  fronts 
10  Carbine  cartridge  boxes 

12  Pistol  cartridge  boxes  (except  ends)  J-  Out  of  one  side  of  light  bridle  leather. 

10  Holster  centre  pieces 

60  Pairs  of  holster  straps 

70  Surcingle  loops 

12  Rifle  pouches  ] 

50  Pockets  for  infantry  cartridge  boxes  I  ^,    .      .  •,        ,  ,-  i.  , 

An  t  r  i  j  Cut  ot    one  side  of  hqht  upper  shoe 

50  Inner  covers  for  do.  do.      r      »     .i 

An  t  ■•  u  Irother. 

40  Inner  covers  (or  cap  pouches 

40  Tops  for  cap  pouches  J 
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materials  nil;  accoin  REMKNTfi — Continued. 
Thn  ad. 

inn  [nfnntry  cartridge  boxes  .  1.25  lb.  | 
Kin  Carbine  cartridge  boxes  ..  1.0  ll>.  j 

LOO  Pistol  cartridge  boxes 0.9  1b.  !  Sho(  threa d,  green,  No.  I0,waxed,wilh 

100  Hulotera 1.25  lb   f     rosin  wax. 

Kin  Rifle  pouches 0.75  lb. 

100  ''.mi  slings ".13  Hi.  j 

liiii  Infantry  waisl  bells 0.06  II'.  I 

100  Artillery  sword  belts O.fc    lb.  !  Shoe  thread.  No.  3,  half  bleached;  wax- 

100  Sabre  belts    0.33  II'.  I      ed  with  beeswax. 

Kiii  Rifle  pouch  belts 0.13  ll>.  J 

Metals, 

For  100  sets  of  Cavalry  sabre  6<  It  mountings. 

100  Sabre  h*oks 2.5      lbs.  brass  wire,  No. 

100  Loops 1.        His.  brass  wire,  No.  10. 

100  Large  hooks I.        lbs.  sheet  brass,  No.  I  l . 

100  Small  hooks 1.5      lb.    sheet  brass, No.  14. 

200  Rings I.        H>s.  !>r;iss  wire.  No.  10. 

.inn  Rivets 0.375  lb.    brass  wire,  No   15. 

■  1(1(1  Studs cast  brass. 

100  Belt  plates See  below. 

Titix  fur  Kio  carbine  cartridge  boxes, 
75  sheets  of  single  tin.     1  lb.  tinner's  solder  (2  tin  to  1  lead). 

Tine  for  100  pistol  cartridge  boxes. 

48  sheets  of  single  tin.      1  lb.  solder. 

Tins  fur  IOOpatVs  <;/'  holsters. 
4£  sheets  of  single  tin.  |      These  tins  maybe  cut  from  the  remnants  of  the 
1  Hi.  solder.  J  sheets  required  for  100  infantry  cartridge  boxes. 

Ti'hh  /'in-  KM)  infantry  cartridge  boxes, 
125  sheets  of  Single  tin.      1  H>.  linners'  solder. 

For  I<iii  plates  fur  infantry  cartridge  boxes,  cavalry  sabre  belts,  mid  rifle  waist  lull*. 

■I    His.  sheet   brass,   No.  26. 

7  lbs.  Bbeel  brass,  No.  II.  for  sabre  belt  plate  hooks. 

1   lb.     sheet  brass,  No.     .r>,  lor  do.  studs. 

0.625  lb.  iron  wire,  No.   1  I. 

1  lbs.  sofl  solder  (1  tin  to  2  lead). 

For  100  ferrules  for  bayonet  scabbards, 

.'!  lb.  sheet  brass.  No.  25. 

•1.7  II'-.  brass  wire.  0.45  in.  thick. 
0.1  I  lb.  copper  wire.  No.  15. 
0.2  ll>.  speller. 
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Far  100   Infantry  cartridge  box  belt  plates. 
3.75  lbs.  sheet  brass,  No.  26. 
0  Ml  lb.  iron  wire    No.  14. 
4  lbs.  soil  solder. 

For  100  plates  for  Infantry  waist  belts  and  for  carbine  and  pistol  cartridge  boxes. 

3  lbs.  sheel  brass,  No.  26. 

3  lbs.  do.  No.  14,  for  waist  belt  plate  hooks. 

0.75  lb.  in>n  wire.  No.  14,  for  cartridge  box  plates. 

3  lbs.  soil  solder. 

i'or  100  gtui  sling  /looks  and  rivets. 
I.S  lb.  sheet  brass.  No.  11. 
0.16  lb.  brass  wire.  No.  15. 

For   100   Artillery   sword  belts. 

200  loops S..r>  lbs.  brass  wire.  No.  10. 

100  small  hooks 1.5  lb.  sheet   brass.  No.  1  I. 

200  rivets 0.14  lb.  brass  wire.  No.  15. 

/-*;;•    100    Artillery   sabre  and  sword  belt  plates. 
25  lbs.  pig  brass. 

For  100  Rifle  pouch  and  ftaek  belts. 

4  lbs.  sheet  brass;  No.  15. 
0.66  lb.  brass  wire.  No.  15. 

WEIGHT    OF    ACCOUTREMENTS. 

100  Infantry  cartridge  boxes  and   plates 176  lbs. 

100  Cam  nke  box  bells  and  plates 63  " 

100  <  lap  pouches  and  cone  picks 13  '; 

100  Bayonet  scabbards  and  frogs 27  " 

Kill  Waist  belts  and  plates  for  infant ry 32  " 

100  Gun  slings '. 15  " 

loo  Non-coiumissjoned  officers'  shoulder  belts  and  plates. .  •  .60  " 

1  00  H  irie  or  carl 1 1 ne  cartridge  boxes  and  plates 1  IS  " 

100  Hi  lie  waist  bells  and    plates 5G  ,; 

100  Rifle  pouches 43  " 

100  Hide  flasks sl  " 

100  Hi  He  flask  and  pouch  belts 27  " 

100  1'iMol  cartridge  boxes  and   plates 81  " 

100  Cavalry  sabre  belts  and  plates 115  " 

100  Carbine  slings  and  swivels 110  " 

loo  Pairs  of  holsters  and  covers 250  " 

1 110  Mounted  artillery  sabre  belts  and  plates  .       Ul  " 

inn  Fool  artillery  sword  belts  and  plates 73  " 

100  Sappers'  sword  belts  and  plates 03     " 


C  h  a  p t e R    Ninth. 
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MATERIALS. 

Saltpetre. 

Saltpetre,  nitre,  nitrate  of  potassa,  is  composed  of  53.45  nitric  acid  and  46.55 
potassa.  Its  specific  gravity  is  '2,090 ;  it  melts  at  000°,  and  is  decomposed  at  a 
red  heat.  100  parts  of  water,  at  the  temperature  of  32°.  dissolve  13.32  parts  of 
nitre;  at  59°,  25.49;  at  S(5°,  45.00  ;  at  104°,  63.S0  ;  at  140°,  110.70  ;  at  176°,  170.50  .; 
at  212°,  246.15.  Saltpetre  crystallizes  generally  in  six-sided  prisms,  terminated 
by  Bix-sided  pyramids,  or  in  needles  deeply  striated.  Its  taste  is  cool,  saline, 
and  slightly  bitter j  when  thrown  on  burning  charcoal  it  melts  and  deflagrates 
violently. 

Saltpetre  occurs  naturally  in  great  quantities,  on  the  surface  of  the  earth  in 
India  and  other  warm  countries,  and  in  the  limestone  caves  of  Virginia,  Georgia, 
Tennessee  and  Kentucky.  In  the  last  named  State,  it  is  also  found  in  the  form 
of  what  is  termed  rock  ore.  being  sand  stone  containing  a  very  large  proportion 
of  nitre.  Thfs  salt  is  formed  spontaneously  by  the  decomposition  of  animal  and 
vegetable  substances  in  moist  situations,  and  on  this  principle  artificial  nitre  beds 
are  made  for  its  production.  Saltpetre  obtained  from  any  of  these  sources  may 
be  separated  from  the  greater  part  of  the  foreign  salts  and  earthy  matter  by  lixi- 
viation  with  wood  ashes  and  evaporation.  The  nitrous  earth  of  Imlia  yields 
about  one-lift h  of  its  weight  of  nitre;  that  of  the  nitre  caves,  from  one  to  ten 
pounds  of  nitre  to  the  bushel,  and  the  rock  ore  as  much  as  twenty  or  thirty 
pounds  to  the  bushel.  The  best  artificial  nitre  beds  afford  annually  about  a 
quarter  of  a  pound  of  nitre  to  a  bushel  of  earth.  Nearly  all  the  saltpetre  used 
in  the  United  States,  for  the  manufacture  of  gunpowder,  is  obtained  from  India, 
whence  it  is  imported  in  a  crystallized  state,  called  grough  saltpetre,  containing 
generally  from  6  to  12  per  cent,  of  foreign  salts,  earths,  and  water. 

Test  of  Grough  Saltpetre.    To  a  pound  ot  grough  saltpetre  add  a  pint  of 
water,  saturated  with  pure  saltpetre;  stir  the  mixture  for  ten  minutes  with  a 
14 
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glass  rod,  and  decani  the  liquor  on  a  filler;  wash  the  saltpetre  a  second  time  in 
the  Bame  manner,  with  half  a  pint  of  tin-  saturated  solution,  :i n'l  pour  the  whole 
on  the  lilu-r;  \<  t  it  drain,  and  then  dry  il  perfectly  l>y  placing  it  ilr>t  on  a  bed  of 
Borne  absorbent  matter,  such  as  ashes  or  lime,  and  then  by  evaporation  in  a  glass 
vessel  over  a  gentle  fire.  The  saturated  solution  having  taken  up  only  the  for- 
eign s.ills.  what  remains  on  the  tiller  (allowing  2  per  cent,  for  earthy  matter  and 
the  saltpetre  left  by  the  saturated  water)  is  the  quantity  of  pure  saltpetre  con- 
tained in  the  pound  of  grough.  As  the  changes  of  temperature  during  the 
operation  may  affect  the  quantity  of  pure  saltpetre  remaining  on  the  filter,  it  is 
proper  to  perform  a  corresponding  operation,  at  the  Bame  lime  and  under  the 
same  circumstances,  on  a  like  quantity  of  pure  saltpetre;  the  gain  or  loss  thus 
ascertained  will  show  the  correction  to  be  made  in  the  former  result. 


Refining  Saltpetre. 

Saltpetre,  to  be  used  in  the  manufacture  of  gunpowder,  requires  to  he  freed 
from  the  impurities  present  in  its  crude  state.     This  may  be  done  by  boiling  it  in 

pure  water  and  filtering  the  liqucr  through  canvas  hags.  The  method  of  relining 
on  a  large  scale,  at  the  refinery  of  Paris,  is  as  follows: 

First  Washing.  This  lirst  operation  is  performed  on  1 1 ,CG0  lbs.  of  grough 
saltpetre,  containing  about  (3  per  cent,  of  foreign  sails  and  (>  per  cent,  ol"  water 
and  earthy  matters.  This  Is  washed  with  1,400  lbs.  of  water  saturated  with  pure 
saltpetre,  obtained  in  previous  operations;  if  that  is  not  at  hand,  pure  water 
may  be  used;  stir  it  well,  and  at  the  end  of  12  hours  rake  up  the  saltpetre 
toward  one  side  of  the  vessel,  and  let  the  water  run  off  at  the  opposite  side, 
carrying  with  it  the  foreign  salts  ;  ibis  is  afterward  treated  as  mother  water. 
Alter  this  washing  the  saltpetre  contains  only  1  per  cent,  of  foreign  matter,  and 
the  quantity  is  reduced  to  11,000  lbs. 

]\1  BLTING.      In  a  boiler  of  the  capacity  ol'  about  '.'DO  gallons,  dissolve  10.11110  lbs. 

of  the  saltpetre  from  the  first  washing  in  300  gallons  of  water,  at  a  moderate 
heat,  putting  in  first  three-fourths  of  tin-  saltpetre  with  a  proportional  quantity 
ol'  water,  and  adding  the  rest  in  three  successive  parts.  Prepare  a  solution  of 
38  ii/.  ol  glue  in  4J  gallons  of  water,  and  when  ebullition  is  about  in  commence 
in  I  he  boiler,  pour  ill  t hree-fourl lis  of  the  solution  of  glue  diluted  With  twice  its 
bulk  of  water,  and  skim  carefully;  then  add  22  gallons  of  water,  in  order  to 
diminish  the  density  of  the  liquid,  and  to  allow  the  foreign  salts  and  earthy 
matters  to  pass  through  it  and  settle  at  the  bottom,  or  to  rise  in  scum;  this  is 
called  a  wanking1.  Throw  into  the  boiler  one-third  of  the  remainder  of  the  salt- 
petre and  the  rest  of  the  glue,  diluted  with  four  gallons  of  water  :  skim  for  about 
one  hour  ;  make  a  second  washing,  and  about  two  hours  alter,  a  third;  continue 
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the  skimming  and  evaporation,  increasing-  the  heat,  until  there  remains  in  the 
boiler  but  one  part  of"  water  to  four  of  saltpetre — let  the  liquor  stand  lor  some 
hours,  keeping  up  a  sufficient  heat  to  prevent  crystallization,  and  then  draw  it 
off  into  the  crystallizing  vat. 

Crystallization.  The  liquor  is  kept  in  constant  agitation  by  means  of  rakes, 
to  prevent  the  formation  of  large  crystals.  Draw  off  the  mother  water  when  its 
temperature  is  reduced  to  101°.  and  let  the  saltpetre  drain  for  some  hours. 

Watering.  When  taken  from  the  crystal  I  izer  the  saltpetre  contains  not  more 
than  1 -500th  of  foreign  salts  ;  it  is  put  into  boxes  capable  of  containing  about 
4,800  lbs, :  on  each  of  these  boxes  pour,  with  watering  pots,  220  gallons  of  water, 
one-third  at  a  lime — the  two  tirst  waterings  are  allowed  to  remain  on  the  salt- 
petre two  hours  before  being  drawn  off  through  openings  in  the  bottom  of  the 
box  ;  the  third  merely  passes  through  the  saltpetre. 

Drying.  After  these  waterings  the  saltpetre  contains  but  l-lS000th  of  hydro- 
chlorates.  It  is  left  to  drain  >everal  days,  and  then  dried  in  drying  vats  at  a  low 
heat,  being  constantly  stirred. 

Packing.  If  designed  lor  transportation,  the  saltpetre,  when  thoroughly  dried, 
being  then  perfectly  white  and  in  small  grains,  is  passed  through  a  sieve  of  fine 
wire  gauze  and  packed  in  barrels.  A  100  lbs.  powder  cask  will  hold  about  132 
lbs.  nl  saltpetre. 

Saltpetre  is  also  well  preserved  in  cakes,  which  are  made  by  fuzing  the  refined 
saltpetre  in  iron  pots,  and  casting  it  into  moulds  of  convenient  size;  the  cakes 
are  12  in.  square  and  6  in.  thick,  weighing  about  70  lbs. ;  six  are  packed  in  a  box 
12.75  in. X  12.75  in. X^  'n«j  gross  weight  405  lbs.  This  method  of  treating 
saltpetre  has  the  advantage  of  expelling  from  it  the  water  of  crystallization  ;  but 
it  requires  a  little  more  work  to  pulverize  the  saltpetre  afterward,  in  making 
powder. 

The  mother  water,  as  it  issues  from  the  crystallizer,  is  received  in  basins  where 
it  cools  and  deposits  saltpetre,  which  is  added  to  that  which  has  undergone 
the  fir.-t  washing  in  another  operation  ;  the  rest  is  evaporated  to  obtain  grough 
saltpetre. 

The  water  used  for  watering  the  refined  saltpetre  is  kept  to  make  the  first  wash- 
ing of  the  grough   saltpetre,  or  else  it  is  added  to  the  mother  water. 

T/te  senm.  which  is  obtained  in  melting  ia  called  foul  scion.  Put  about  4,400 
lbs.  of  it  into  a  boiler  with  265  gallons  of  water;  heat  it  gradually  until  it  begins 
to  boil ;  skim  and  allow  it  to  settle  ;  then  draw  off  the  liquor  which,  in  cooling, 
will  deposit  grough  saltpetre.  On  the  residuum,  whilst  still  hot,  pour  about  250 
gallons  of  water  and  add  ihe  second  scum,  so  as  to  fill  the  boiler;  after  this  has 
been  boiled,  skimmed,  and  allowed  to  settle,  draw  oil*  the  clear  liquor  and  add 
it  to  the  mother  water.  Add  the  last  scum  and  the  dregs  to  the  materials  for 
lixivialion. 

Thus.  11,000  lbs.  of  grough  saltpetre  furnish  8.000  lbs.  of  pure,  dry  saltpetre, 
besides  200  lbs.  remaining  in  the  scum,  1  200  lbs.  in  the  mother  water,  and  1,000 
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lbs.  ill  the  washings,  which  are  obtained  in  the  subsequent  operations:  in  all, 
10,-100  lbs.  ot  pure  saltpetre. 

Test  of  Refined  Saltpetre.  In  order  to  be  used  in  the  manufacture  of  gun- 
powder, saltpetre  should  not  contain  more  than  l-3000th  of  chlorides.  To  test 
this,  dissolve  200  grains  of  saltpetre  in  the  least  possible  quantity  (say  1000 
grains)  ol  tepid  distilled  water  ;  pour  on  it  20  grains  of  a  solution  of  nitrate  of 
silver,  containing  10  grains  of  the  nitrate  to  1,033  grains  of  water,  that  being  the 
quantity  required  io  decompose  200-3000ths  of  a  grain  of  muriate  of  soda  ;  filter 
the  liquid  and  divide  it  into  two  portions — to  one  portion,  add  a  few  drops  of  the 
solution  of  nitrate  of  silver  ;  it  it  remains  clear,  the  saltpetre  does  not  contain 
more  than  l-3000th  of  muriate  of  soda — to  the  other  portion,  add  a  small  quantity 
of  solution  of  muriate  of  soda  ;  if  it  becomes  clouded,  the  saltpetre  contains  less 
than  l-3000lh.  By  using  the  test  liquor  in  very  small  quantities,  the  exact  pro- 
portion of  muriate  of  soda  may  be  ascertained;  at  the  refinery  of  Paris  it  does 
not  exceed  l-lS000th  of  the  saltpetre,  and  this  degree  of  purity  is  attained  also 
at  the  refinery  of  Messrs.  Dupont.  Saltpetre  for  the  best  sporting  powder  is 
lefined  a  second,  and  contains  not  more  than  1-G000th  part  of  chlorides. 


Charcoal. 

Charcoal  obtained  from  light  woods  is  the  best  ("or  the  manufacture  of  gun- 
powder, being  more  easy  to  pulverize.  Willow  and  poplar  are  used  lor  this  pur- 
pose in  the  United  States. 

The  wood  must  lie  sound,  and  should  not  be  of  more  than  3  or  -1  years  growth, 
and  about  1  inch  in  diameter;  branches  larger  than  that  should  be  split  up.  It  is 
cut  in  the  spring,  when  the  sap  runs  freely,  and  is  immediately  stripped  of  its 
bark.     The  smaller  branches  are  used  tor  line  sporting  powder. 

The  operation  of  charring  may  be  performed  in  pits,  but  the  method  now 
almost  universally  pursued  in  making  charcoal  for  gunpowder  is  that  of  distilla- 
tion. For  this  purpose  the  wood  is  placed  in  an  iron  vessel,  generally  of  a  cylin- 
drical form,  to  which  a  cover  is  luted  ;  an  opening,  with  a  pipe,  is  made  to  con- 
vey off  the  gaseous  and  liquid  products,  and  the  wood  is  thus  exposed  to  the 
heat  of  a  furnace. 

The  charcoal  thus  obtained  should  retain  a  certain  degree  ol  elasticity,  ami 
should  have  a  brown  color,  the  wood  not  being  entirely  decomposed ;  it  retains 
the  fibrous  appearance  of  the  wood,  and  the  fracture  is  irridescenl.  As  it  readily 
absorbs  l-20th  of  its  weight  of  moisture,  it  should  be  made  only  in  proportion  as 
it  is  required  for  use.  Wood  contains  generally  about  02  per  cent,  of  carbon, 
but  distillation  furnishes  not  more  than  30  to  40  per  cent,  of  charcoal. 

The  specific  gravity  of  charcoal  triturated  under  heavy  rollers  is  about  1,3^0 ; 
but  in  slicks,  as  it  comes  from  the  charring  cylinders,  it  rarely  exceeds  300. 
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Sulphur. 

Pure  sulphur  is  of  a  citron  yellow  color  and  shining  fracture;  it  crackles  when 
pressed  in  the  hand.  The  specific  gravity  of  native  sulphur  is  2,033;  that  of 
sulphur  refined  by  sublimation  1,900;  its  specific  gravity  is  diminished  by  tritura- 
tion. Sulphur  melts  at  220°,  but  at  320°  it  takes  the  consistency  of  paste  ;  it 
sublimes  at  680°.     It  is  insoluble  in  water,  but  soluble  in  oils  and  in  alcohol. 

Sulphur  is  generally  found  in  great  quantities  in  the  neighborhood  of  volca- 
noes ;  it  may  also  be  obtained  from  metallic  ores  (pyrites)  and  other  sources. 
Most  of  that  used  in  the  United  Slates  is  obtained  from  the  French  refineries. 

Crude  sulphur,  as  extracted  by  the  first  sublimation  from  the  ore.  contains 
about  S  per  cent,  of  earthy  matter.  It  is  purified  by  a  second  sublimation,  from 
which  it  is  collected  in  the  form  of  powder,  called  flowers  of  sulphur,  or  it  is 
melted  and  run  into  moulds,  making  roll  brimstone.  It  may  also  be  refined,  but 
not  so  thoroughly,  by  being  simply  melted  and  skimmed. 

Pure  sulphur  is  entirely  consumed  in  combustion,  and  its  purity  is  thus  easily 
tested  by  burning -about  100  grains  in  a  glass  vessel ;  the  residuum  should  not 
exceed  a  small  fraction  of  a  grain. 
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Proportions  of  Ingredients. 


Saltpetre. 

By  the  Atomic  theory 74.64 

In  the  United  States  : 

For  the  military  service. .   |      -r 

{78 
-7 

In  England:         For  the  military  service....     75 

f      7S 
For  sporting j      ^ 

In  France  :  For  the  military  service. .. .  75 

For  sporting 7S 

For  blasting 62 

In  Prussia  :         For  the  military  service  ....  75 


Charcoal. 

Sulphur. 

13.51 

11.85 

14 

10 

15 

10 

12 

10 

13 

10 

15 

10 

14 

8 

17 

8 

12.5 

12.5 

12 

10 

IS 

20 

13.5 

11.5 
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Fabrication. 

This  consists  essenlially  in  the  following  operations  :  pulverizing  slir  i>igie- 
<//<///>.  in corporation ',  compression,  granulation,  drying,  glazing,  dusting. 

Pot  mum;  i\ln,i,.  In  this  method  of  fabrication  the  iirst  three  operations  are 
performed  at  the  same  time  by  the  pestles.  A  mill  contains  generally  20  or  24 
mortars  and  pestles  in  two  rows  ;  the  pestle  weighs  90  lbs.,  and  falls  16  inches 
fifty -live  times  in  a  minute;  the  lower  part  of  the  pestle  is  made  of  bronze  or  of 
very  hard  wood.  The  mortars  are  nearly  spherical,  and  are  dug  out  of  a  piece 
of  oak.  having  a  pieee  of  harder  wood  in  the  bottom. 

Each  mortar  receives  about  20  lbs.  of  composition.  The  stamping  is  continued 
about  11  hours.  The  proper  charge  of  charcoal  in  small  pieces  is  first  put  iff, 
with  a  quantity  of  water  equal  to  one-tenth  of  the  weight  of  composition,  say  1 
quart;  after  this  has  been  pounded  hall  an  hour,  at  the  rate  of  40  strokes  a  min- 
ute, add  the  saltpetre  and  then  the  sulphur,  previously  pulverized  in  a  mill  or 
rolling  barrel,  and  silted.  Mix  the  materials  with  the  hand,  and  for  the  lirst 
quarter  of  an  hour  let  the  stamping  continue  at  10  strokes  a  minute  :  at  the  end 
of  each  hour  the  composition  is  passed  from  each  mortar  into  the  next — at  the 
Gth  or  Slh  change,  add  half  a  pint  of  water.  During  the  last  t.wo  hours  no  change 
is  made,  in  order  that  the  composition  may  form  into  cake.  When  taken  from 
the  mortar  it  is  dried,  so  as  to  reduce  the  contained  moisture  to  about  4  per  cent. ; 
it  is  then  grained. 

Rolling  BARBELS.  In  order  to  lessen  the  duration  and  danger  of  pounding  in 
the  mortars,  the  materials  may  be  pulverized  anil  mixed  in  rolling  barrels,  before 
being  put  under  the  pestles. 

These  rolling  barrels  are  about  II  in.  diameter  and  22  in.  long  on  the  interior; 
they  are  made  of  strong  leather  or  hides  stretched  over  a  frame,  the  slats  of 
which  project  inwardly  about  0.5  in.  and  are  9  in.  apart;  the  elasticity  of  the 
leather  prevents  the  composition  from  adhering  to  the  sides,  which  it  would  do 
in  wooden  barrels.  Each  barrel  contains  100  lbs.  of  balls,  about  0.25  in.  diame- 
ter, made  of  zinc,  or  ol  an  alloy  of  75  copper  and  25  tin;  the  barrel  revolves 
25  or  30  times  in  a  minute.  The  charge  of  composition  is  half  the  weight  of  the 
balls. 

for  the  purpose  of  pulverizing,  the  charcoal  and  sulphur  are  rolled  together 
for  two  bourn.  For  incorporation,  the  saltpetre  is  added  in  the  state  in  which  it 
comes  from  the  refinery,  and  the  mixture  is  rolled  two  hours  more;  it  is  then 
placed  under  the  pestles,  adding  10  per  cent,  of  water,  and  it  is  beaten  for  3 
hours  only. 

Press.  Instead  ol  being  put  in  the  pounding  mill,  the  composition  from  the 
rolling  barrels  may  be  spread  in  thin  layers,  moistened  with  10  per  cent,  of  water 
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distributed  very  equally  with  a  fine  watering  pot  or  a  brush,  and  subjected  to 
pressure  by  a  hydraulic  or  screw  press,  by  which  means  it  is  brought  to  the 
state  of  a  cake.  The  composition  is  sometimes  subjected  to  the  press  alter  being 
incorporated  in  the  pouoding  mill  or  in  the  cylinder  mill. 

Cylinder  MlLLS.  These  mills,  first  used  in  England,  and  now  generally 
adopted  in  the  manufacture  of  gunpowder,  supply  the  place  of  pounding  mills 
in  performing  at  the  same  time  the  operations  of  pulverizing,  incorporating,  and 
pressing  the  composition.  They  consist  of  two  cylinders,  of  marble  or  cast 
iron,  weighing  about  5  ions  each,  rolling  in  a  circular  trough  of  the  same  mate- 
rial, the  inner  diameter  of  which  is  about  3  feet;  a  wooden  plough  follows  the 
cylinders,  to  bring  the  powder  toward  the  centre  of  the  trough.  The  cylinders 
revolve  10  times  in  a  minute,  and  run  from  1  to  3  hours  on  each  charge  o!  50  lbs. 
of  composition. 

Granulation. — The  composition  being  formed  into  cake,  by  any  of  the  above 
methods,  the  next  process  is  to  break  it  up  into  grains;  to  facilitate  this,  it  is 
aired  or  partially  dried  ;  it  is  then  put  into  a  graining  sieve  formed  of  parchment 
pierced  with  holes,  where  it  is  broken  up  by  the  action  of  a  lenticular  disc  ol 
hard  wood,  weighing  about  5  lbs.,  being  s..r>  in.  in  diameter,  2.7",  in.  thic  in  the 
middle,  2  in.  at  the  edge.  The  sieve  is  shaken  by  hand,  or  by  machinery,  in 
such  a  manner  that  the  disc  may  move  round  it  against  the  border,  and  the 
grams  pass  through  the  holes  as  fast  as  they  are  sufficiently  reduced.  Another 
method  ol  graining  is  to  pass  the  cake  between  wooden  rollers.  The  grains  thus 
formed  are  sifted,  to  separate  those  which  are  too  coarse  or  too  fine,  and  also  to 
separate  from  each  other  the  different  kinds  of  grains  for  camion,  mus&et,  and 
rifle  powder. 


(n  ,        f  Maximum  0.100  in. 

Cannon  powder.  >  »,  „,,„,  ■ 

1  |  Minimum   0.071)  in. 

...  (  Maximum  0.070  in. 

{Musket j  Minim,,,,,   0.050  in. 

«...  (  Maximum  0.035  in. 

LK,lle [Minimum   0.02.r)  in. 


Diameter  of  the  holes  J  ,,      .  (  Maximum  0.070  in. 

in  the  sieve  for         i  Musket ^  Minimum    0.050  in. 


Glazing  is  necessary  in  order  to  enable  gunpowder  to  resist  the  effects  ol 
shaking  in  transportation,  and  of  exposure  to  ihe  moisture  of  the  air.  All  the 
powder  made  for  the  Ordnance  Department  is  glazed.  This  operation  is  per- 
formed by  enclosing  the  powder,  containing  about  3  per  cent,  of  moisture,  in  a 
large  glazing  barrel  which  makes  15  or  20  revolutions  in  a  minute;  a  charge  of 
500  lbs.  is  thus  treated  for  about  2  I  hours  or  less,  according  to  the  effect  required. 

Drying.  Gunpowder  is  dried  in  two  ways — 1st,  in  the  open  air;  the  powder 
is  spread  upon  sheets  laid  on  tables  placed  in  a  suitable  situation,  where  it 
remains  10  or  12  hours,  being  frequently  stirred  to  expose  it  thoroughly  to  the 
sun  ;  in  summer,  it  requires  to  be  sometimes  covered  in  the  heat  of  the  day,  to 
prevent  the  loss  of  the  sulphur — 2dly,  in   a  drying  house,  where  tne  powder  is 
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exposed,  in  layers  from  1  in.  lo  4  in.  thick,  to  a  current  of  air  heated  to  about 
v  means  of  a  furnace  or  by  hot  water  pipes. 

DtTSTINQ.  After  powder  has  been  glazed  and  dried,  h  is  sifted  in  tine  sieves, 
it  through  1  n >  1 1 i 1 1 ir  cloths,  in  order  to  clean  it  thoroughly,  and  to  cool  it  before 
being  barreled.  The  dust  and  small  grains  obtained  in  this  and  previous  opera- 
i ii m >  are  again  pressed  or  worked  over  to  make  inferior  powder,  or  mixed  with 
a  portion  of  fresh  composiiion  in  the  mills. 

Round  Powder  may  be  made  in  an  expeditious  manner  as  follows:  Fix  a 
powder  barrel  on  a  shaft  passing-  through  its  two  heads,  the  barrel  having  ledges 
on  the  inside  ;  lo  prevent  leakage,  cover  it  with  close  canvas  glued  on,  and  put 
the  hoops  over  the  canvas.  Put  into  the  barrel  10  lbs.  of  sulphur  in  lumps  and 
10  lbs.  of  charcoal,  with  00  lbs.  of  zinc  balls,  or  of  small  shot  (down  to  No.  I. 
0.01  1  in.  in  diameter  nearly);  turn  it  by  hand  or  otherwise,  30  revolutions  in  a 
minute.  To  10  lbs.  of  this  mixture  thus  pulverized,  add  •'(()  lbs.  of  saltpetre,  and 
work  it  two  hours  with  the  balls  ;  water  the  40  lbs.  of  composition  with  2  quarts 
of  water,  mixing  it  equally  with  the  hands;  granulate  with  the  graining  sieve. 
The  grains  thus  made,  not  being  pressed,  are  too  soft.  To  make  them  harder, 
put  them  into  a  barrel  having  5  or  6  ledges  projecting  about  0.4  in.  inside  ,  give 
it  at  first  8  revolutions  in  a  minute,  increasing  gradually  to  '20.  The  compression 
will  be  proportionate  to  the  charge  in  the  barrel,  which  should  not,  however,  be 
more  than  half  full  ;  continue  this  operation  until  the  density  is  such  that  a 
cubic  foot  of  the  powder  shall  weigh  &5.r>  oz.,  the  mean  density  of  round  powder; 
strike  on  the  staves  of  the  barrel  from  time  to  time,  to  prevent  the  adhesion  of 
the  powder. 

Sift  the  grains  and  dry  the  powder  as  usual;  that  which  is  too  fine  or  too 
coarse  is  returned  to  the  pulverizing  barrel. 

Tliis  powder  is  round  and  the  grain  is  sufficiently  hard  on  the  surface,  but 
the  interior  is  soft,  which  makes  it  unlit  for  keeping,  and  may  cause  it  lo  burn 
slowly.  This  defect  may  be  remedied  by  making  the  grains  at  lirst  very  small, 
and  by  rolling  them  on  a  sheet  or  in  a  barrel,  watering  them  from  time  to  time, 
and  adding  the  pulverized  composition  in  small  portions  ;  in  this  way,  the  grains 
will  lie  formed  by  successive  layers  ;  they  are  then  separated  according  to  size, 
glazed  and  dried. 

It  appears  from  experiments  i hat  the  simple  incorporation  of  the  materials 
makes  a  powder  which  gives  nearly  as  high  ranges  with  the  cannon  as  grained 
powder;  the  incorporated  dust  from  the  rolling  barrel  may,  therefore,  be  used  in 
case  of  necessity.     Gunpowder  burns  at  the  temperature  of  575°  to  C00°  Fahr. 
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DENSITY    OF   GUNPOWDER. 

The  density  of  gunpowder  may  be  approximately  determined  by  taking  the 
weight  of  a  given  quantity;  this  is  called  the  gravimetric  density,  and  the  mea- 
sure used  for  the  purpose  a  gravimeter.  The  gravimetric  density  may  be  ex- 
pressed by  the  weight  of  a  cubic  foot  in  ounces,  and  a  convenient  form  for  the 
gravimeter  is  a  brass  cylindrical  measure,  4  inches  in  diameter  and  5.093  inches 
in  height,  containing  64  cubic  inches,  or  1  -27th  of  a  cubic  foot.  The  weight  of 
the  contents  should  be  ascertained  with  the  powder  loose  and  shaken;  the  dif- 
ference irives  an  indication  of  the  relative  irregularity  and  size  of  grain. 

The  gravimetric  density  of  unglazed  powder  ( French)  made  in  pounding  mills, 
is  about  S40.  The  following  results  were  obtained  from  some  of  the  best  pow- 
der made  in  cylinder  mills  : 


SIZE    OF    GRAIN. 

Specific 
gravity- 

No.  of  grains 
of  powder 
in    10   grs. 
Troy. 

Weight  of  1  cubic 
foot. 

Cubic 
inches   in 

Loose. 

Shaken. 

J  lb.  loose 

c-s-A-  K6.1.:::::::: 

1.912 
4.9S3 

150 

1,100 

(5,000 

73,000 

174 

oz. 

929 

896 

900 

1,047 

S74 

oz. 

1,039 
1.012 
1 ,060 

1,197 
993 

30. 
30. S 

30.7 

2,012 
1,970 

26.5 
31.6 

The  specific  gravities  stated  in  the  above  table  were  obtained  by  means  of 
alcohol;  the  results  are  not  perfectly  accurate,  as  the  method  is  liable  to  some 
objections.  The  following  method  of  ascertaining  the  specific  gravity  of  gun- 
powder is  pursued  in  the  French  manufactories,  but  it  is  also  not  free  from 
objections.  The  specific  gravity  of  the  sporting  powder  of  the  above  table, 
obtained  by  this  method,  is  1,590,  and  that  obtained  approximately,  by  direct 
measurement  and  weight  of  pieces  of  dried  mill  cake,  is  about  1,920. 


Determination  of  the  Specific  Gravity  of  Gunpowder. 

The  instrument  used  for  this  purpose  is  a  cylindrical  glass  vessel  of  uniform 
diameter,  the  edges  of  which  are  well  ground,  and  to  which  is  adapted  a  cover  of 
polished  glass  accurately  ground  on  the  surface,  so  as  to  close  the  vessel  her- 
metically.    The  diameter  of  the  vessel  is  3  in.,  and  its  height  4.5  in.     With  a 
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good  balance  take  the  exact  weight  of  ihc  vessel  and  cover.  Fill  the  vessel 
with  distilled  water,  and  cover  it  so  as  entirely  to  exclude  the  air;  this  may  be 
effected  by  pouring  in  the  water  until  it  runs  over  the  sides  of  the  vessel,  and 
then  sliding  the  cover  on — wipe  the  vessel  and  the  cover  perfectly  dry,  without 
disturbing  the  cover  so  «.s  admit  air  in  the  vessel.  Ascertain  the  weight  of 
the  vessel  thus  filled,  and  deducting  its  weight  when  empty,  set  down  the  weight 
of  distilled  water  which  it  contains,  which  weight  we  will  designate  by  W. 
Now  wipe  the  vessel  and  cover  perfectly  dry,  and  ascertain  in  the  same  manner 
the  weight  W,  which  the  vessel  will  contain  of  water  saturated  with  nitre,  such 
a>  is  used  in  testing  the  purity  of  saltpetre  :  pour  out  three-fourths  of  the  satu- 
rated solution,  and  having  weighed  1,500  grains  of  powder  free  from  dust,  pour 
it  slowly  into  the  saturated  solution,  so  that  the  air  between  the  grains  of  powder 
may  escape — then  fill  the  vessel  with  the  solution,  and  cover  it  as  before  ;  wipe 
it  dry  and  ascertain  the  weight.  From  the  weight  thus  found,  subtract  that  of 
the  voscl  and  cover,  and  that  of  the  powder;  the  remainder  will  he  the  weight 
of  the  saturated  solution  in  the  vessel;  deduct  this  weight  from  that  \V,  of  Un- 
saturated solution,  before  obtained,  and  the  difference  will  be  the  weight  "•',  of 
the  quantity  of  the  solution  which  oecupies  the  same  space  as  the  given  quan- 
tity of  powder.  Then  IF':  W: :  /'■':  ur,  the  weight  of  distilled  water  which  would 
have  been  displaced  by  the  powder;  and  this  weight  is  to  that  of  the  powder  as 
the  specific  gravity  of  distilled  water  is  to  the  specific  gravity  of  the  powder. 
Repeal  the  operation  three  times,  and  take  the  mean  result. 

Alcohol  may  be  used  in  the  same  manner,  instead  of  saltpetre  water. 

PACKING    POWDER. 

(Government  powder  is  packed  in  barrels  of  100  lbs.  each.  Powder  barrels 
are  made  of  well-seasoned  white  oak,  and  hooped  with  hickory  or  cedar  hoops, 
which  should  be  deprived  of  their  bark;  the  cedar  is  not  so  liable  as  hickory  or 
white  oak  to  be  attacked  by  worms,  and  it  should,  therefore,  be  used  in  prefer- 
ence, or  the  hoops  may  be  prepared  by  immersion  in  a  solution  of  corrosive 
sublimate.  The  hoops  should  cover  two-thirds  of  the  barrel.  The  diameter  of 
the  bung-hole  is  L.25  in.  Instead  of  a  bung  on  the  side,  a  screw  hole  F5  in.  in 
diameter  is  sometimes  made  in  the  head  of  the  barrel;  it  is  closed  by  a  wood 
screw  with  an  octagonal  head,  which  must  not  project  beyond  the  cuds  of  the 
staves;  under  the  head  of  the  screw  is  a  washer  of  thin  leather  steeped  in  a 
solution  of  beeswax  in  spirits  of  turpentine.  This  screw  plug  renders  it  unne- 
cessary to  take  out  the  head  of  the  barrel,  and  the  hoops  may,  therefore,  be 
secured  with  copper  nails;  for  transportation,  a  piece  of  cloth  should  be  glued 
over  the  head  of  the  plug.  Some  barrels  have  been  made  with  six  copper  hoops, 
and  others  with  4  copper  and  8  or  10  cedar  hoops;  the  copper  hoops  are  1  in. 
wide,  and  J  of  an  inch  thick,  fastened  with  two  rivets,  and  nailed  each  with  3 
copper  nails,  U.i '•.'5  in.  long.     Average  weight  of  a  hoop  2.1  lbs. 


PACKING INSPECTION. 
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In  1S3G.  some  barrels  wore  made  water- proof  by  a  lining:  of  India  rubber  cloth 
to  ascertain  its  efficiency  in  preserving  tlie  powder  in  damp  situations,  or  in  the 
exposure  of  service  in  the  field.  This  lining  appears  to  have  had  an  injurious 
effect  on  the  powder,  when  exposed  to  heat  and  moisture,  in  consequence  of  the 
affinity  of  the  caoutchouc  for  sulphur. 


Dimensions  of  Pointer  Barrels. 

Whole  length 20.0    inches. 

Length,  interior,  in  the  clear IS.  " 

Interior  diameter  at  the  head 11.  " 

Interior  diameter  at  the  bilge 16.  '■' 

Thickness  of  the  staves  and  heads 0.5       " 

Weight  of  the  barrel  with  cedar  hoops 25         lbs. 

The  barrels  have  generally  12  hoops.  14  to  10  staves,  and  2  or  3  pieces  in  each 

head.     The  above  dimensions   are   calculated   so  that,  with    100  lbs.  of  powder. 

there   shall    be  a  vacant   space  in  the  barrel,  allowing  the  powder  to   shake,  in 

order  to  prevent  its  caking — the  barrel  would  contain  about  120  lbs.  of  powder, 

settled  by  shaking. 


INSPECTION   AND  PROOF  OF  POWDER. 


Gunpowder  should  be  of  an  even  grain,  angular  and  irregular  in  form;  it 
should  be  so  hard  as  not  to  be  easily  crushed  by  pressure 'With  the  linger;  it 
should,  when  new,  leave  no  trace  of  dust  when  poured  on  the  back  of  the  hand, 
and  should  leave  no  beads  or  foulness  when  (lashed,  in  quantities  of  10  grains, 
on  a  copper  plate.  The  size  of  the  grain  for  each  kind  of  powder  is  tested  in 
the  following  manner: 

There  are  three  sieves  or  gauges  for  each  size  of  grain,  made  by  piercing  round 
holes  in  thin  sheets  of  brass.     The  sizes  of  these  holes  are  as  follows  : 


CANNON. 

MUSKET. 

RIFLE. 

No.  1. 

No.  2. 

No.  3. 

No.  4. 

No.  5, 

No.  6. 

No.  e. 

No.  7. 

No.  8. 

In. 
0.100 

In. 

In. 

In. 
0.0G 

In. 

In. 

In. 
0.035 

In. 
0.03 

In. 

0.0S5 

0.05 



0.070 

0.035 

0.025 
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Cannon  powder,  sifted  through  the  gauges  Nos.  1,  2  and  3,  should  leave  not 
more  than  6  per  cent,  on  No.  t  ;  not  more  than  20  per  cent,  should  pass  through 
No.  3;  and  of  the  remainder,  not  more  than  one-half  should  pass  through  No.  2. 
This  would  give  about  150  grains  of  powder  in  a  weight  of  10  grains  troy. 

Musket  powder  should  all  pass  through  No.  4;  about  one-half  should  pass 
through  No.  5;  and  nearly  one-fourth  through  No.  '3.  This  would  give  about 
2,000  or  2,500  grains  of  powder  in  10  grains  troy. 

Rifle,  powder  should  all  pass  through  No.  6 ;  not  more  than  one-fifth  through 
No.  S;  and  not  more  than  two-fifths  through  No.  7.  This  would  give  about 
12.000  or  15,000  grains  of  powder  in  10  grains  troy. 

Ordinarily,  the  uniformity  and  size  of  grain  will  be  judged  of  by  mere  inspec- 
tion. 

The  powder  in  each  barrel  is  proved.  For  this  purpose  a  sample  of  about  3£ 
oz.  is  taken  from  each  :  this  is  conveniently  done  by  means  of  an  extractor,  which 
is  a  copper  tube  about  1  inch  interior  diameter,  and  18  inches  long,  pointed  at  the 
bottom,  and  having  a  valve  at  the  lower  end,  or  an  opening  about  9  inches  from 
that  end.  by  covering  which  with,  the  hand  the  powder  may  be  poured  out  of  the 
mouth  of  the  tube;  the  sample  is  put  into  a  tin  canister  marked  with  a  number, 
a  corresponding  one  to  which  is  inscribed  with  chalk  on  the  barrel;  from  these 
samples,  the  charges  for  the  eprouvette  are  weighed  on  the  proving  ground,  as 
they  are  required. 

The  platform  for  the  mortar  eprouvette  should  be  a  block  of  oak  timber  firmly 
established  on  a  foundation  of  masonry,  with  which  it  is  connected  by  strong 
bolts ;  to  this  block  the  iron  bed  plate  is  fixed  by  the  three  bolts  provided  for  that 
purpose,  the  plate  being  also  let  into  the  wood  about  1.5  inch,  to  avoid  bending 
the  bolts.  The  ground  where  the  balls  are  to  fall  should  be  free  from  stones  and 
not  too  hard. 

The  eprouvettes  are  provided  with  3  service  balls  and  a  standard  ball  (marked 
No.  1),  by  means  of  which,  and  of  the  standard  powder  accompanying  each  eprou- 
vette, the  mortar  and  the  service  balls  should  be  verified  from  time  to  time. 

The  eprouvette,  being  washed  clean  and  dried  by  firing  a  scaling  charge,  is 
placed  on  its  bed,  in  a  vertical  position,  in  which  it  is  supported  by  a  wedge  or 
prop;  the  vent  is  stopped  with  a  copper  wire  having  a  shoulder  to  prevent  it 
from  projecting  into  the  chamber,  and  the  charge  of  powder  is  introduced  through 
a  long  funnel  which  is  supported  on  the  bottom  of  the  bore,  at  the  mouth  of  the 
chamber;  the  ball  is  then  carefully  lowered  down  by  means  of  a  hook,  and  the 
mortar  placed  on  its  bed,  care  being  taken  not  to  jar  it  roughly;  it  is  primed  with 
a  small  strand  of  quick  match,  and  fired  without  delay.  Two  charges  are  fired 
in  this  way  from  each  sample  of  powder,  and  if  the  ranges  differ  more  than  20 
yards,  a  third  charge  is  fired,  and  the  two  nearest  ranges  are  used  in  obtaining 
the  mean  range.  The  mortar  is  scraped  and  wiped  after  each  discharge,  and  it 
is  washed  and  dried,  as  at  first,  after  about  S  shots. 
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The  general  mean  range  of  new  powder  proved  at  any  one  time  must  be  not 
ess  than  250  yards ;  but  no  powder  ranging  below  ii25  yards   is    received.     The 
powder  in  magazines  is  considered  unserviceable  if  it  does  not  range  ov- 
yards. 

With  the  eprouvettes,  as  adjusted  in  1S37.  good  cannon  powder  ranges  from 
300  yards,  and  small  grain  powder,  from  300  to  320  yards. 

Inspection  Keport.     The  report  of  inspection  should  show  the  place  and  date 
of  fabrication  and  of  proof — the  kind  of  powder  and  its  general  qualities:  as,  hard 
or  soft,  round  or  angular,  whether  free  from  dust  or  not,  of  uniform  or  irrc. 
grain — its  gravimetric  density — the   separate   ranges  and   the  mean   ranse — the 
condition  of  the  mortar  and  the  ball — the  state  of  the  weather. 

Marks.  Each  barrel  is  marked  on  one  head  with  the  place  and  year  of  manu- 
facture, and  with  the  kind  of  grain,  cannon,  musiet,  or  rifle  ;  on  the  other  head. 
with  the  year  in  which  it  was  proved  and  the  proof  range,  leaving  room  for  sub- 
sequent proofs,  which  are  marked  in  the  same  manner. 
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Although  the  above  is  the  established  mode  of  proof  and  inspection  for  Gov- 
ernment powder,  it  cannot  be  disguised  that  a  very  inipertect  test  of  the  relative 
projectile  force  of  gunpowder  is  thereby  afforded.  Slight  variations  in  the  den- 
sity of  powder,  which  would  but  little  affect  its  strength,  when  fired  in  large 
quantities,  produce  great  difference  in  the  proof  range ;  and  variations  in  the 
size  of  the  grain  cause  still  greater  irregularities  in  the  range,  the  powder  being 
in  other  respects  the  same.  In  general,  gunpowder  of  small  grain  and  lotc  spe- 
cific gravity  gives  the  highest  range  in  the  eprouvette,  whilst  recent  experiments 
with  the  ballistic  pendulum  have  shown  that  the  greatest  initial  velocity,  in  a 
shot  from  a  heavy  gun.  is  produced  by  powder  of  great  specific  gravity  and  of 
coarse  grain. 

Pendulum  Eprouvette.  The  best  mode  of  testing  the  projectile  force  of  gun- 
powder is  undoubtedly  that  of  ascertaining  its  effects  when  used  in  the  same 
quantities  iu  which  it  is  to  be  employed  in  service.  This  method  has  been  par- 
tially adopted  by  establishing,  at  Washington  Arsenal,  a  cannon  pendulum  and 
a  musket  pendulum,  which  are  used  tor  proving  samples  of  powder  sent  from 
the  manufactories.  The  apparatus  shows  the  initial  velocity  of  a  ball  fired  from 
a  cannon  or  a  musket. 

Iu  proving  cannon  jwicder.  the  initial  velocity  of  a  ball  of  medium  weight  and 
windage,  with  a  charge  of  otu-fourlh  its  weight  of  powder,  should  be  : 

From  a  24-pounder  garrison  gun,  not  less  than  1,600  feet. 

From  a  12-poander  field  gun,  not  less  than  1,550  feet. 

From  a  6-pouixler  field  gun,  not  less  than  1,500  feet. 
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In  proving  small  arm  powder,  the  initial  velocity  of  a  musket  ball,  with  a  charge 

JO  grains,  > lx m i !<1  be  I 

With  musket  powder,  not  less  than  1  ..100  foci. 

With  rifle  powder,  not  less  than  1,600  feet. 

Wuli  fine  sporting  powder,  not  less  than  1,81)0  feet. 

EItorombtric  Qualities.  The  susceptibility  of  powder  to  absorb  moisture 
may  be  judged  of  by  exposing  1  II).  lb  the  mr,  in  a  moist  place  (such  as  a  cellar 
which  is  not  too  damp),  on  a  glazed  earthen  dish,  for  15  or  20  days,  stirring  it 
sometimes  so  as  to  expose  the  surface  better;  the  powder  should  be  previously 
well  dried,  at  a  heat  of  about  140°.  Well  glazed  powder,  made  of  pure  materials, 
treated  in  this  way,  will  not  increase  in  weight  more  than  5  parts  in  1,000,  or  a 
half  of  one  per  cent.  Such  powder  kept  in  casks  in  a  dry  magazine  will  absorb 
about  8-10thsof  1  per  cent,  of  moisture.  A  sample  thus  kept  for  IS  years,  in  a 
common  barrel,  was  found  to  lose  but  9-lOths  of  1   per  cent,  in  drying. 

A  more  accurate  and  expeditious  method  of  comparing  the  bygrometrio  quali- 
ties of  different  samples  of  powder  is  to  expose  them  to  air  saturated  with  moist- 
ure. For  this  purpose,  samples  of  about  1,500  grains  weight  may  he  placed  in  a 
shallow  tin  pan,  9  in.X("'  'n>>  :~1'1  '"  ;i  l"''-  'I'1'  bottom  of  which  is  covered 
with  water;  the  pan  of  powder  should  be  placed  about  1  inch  above  the  surface 
of  the  water,  and  the  tub  covered  over.  In  this  manner  any  sample  of  powder 
may  be  compared  with  another  of  known  good  quality.  Good  powder,  made 
of  pure  materials,  will  not  absorb  more  than  '2\  per  cent,  of  moisture  in  24 
hours. 

Qiicknf.ss  of  Burning.  The  relative  quickness  of  two  different  powders  may 
be  judged  ol   by  burning  a  train  laid   in  a  circular  or  other  groove,  which    returns 

Into  itself,  made  in  a  piece  of  hard  wood  ;  one-half  of  the  groove  being  filled 

with  each  kind  of  powder,  and  fire  communicated  at  one  of  the  points  ol'  meet- 
ing of  the  two  trains,  the  relative  quickness  is  readily  deduced  from  observation 
Of  the  point  nt  which  the  flames  meet.  For  this  purpose  it  is  necessary  that 
the  two  powders  compared  should  be  of  equal  grain,  and  the  method  is  best  ap- 
plied to  the  comparison  of  line  grained  powders  which  can  be  laid  evenly  in  the 
groove  :  lor  such  powder,  a  groove  whose  cross  section  is  a  semicircle  ol'  i  ol'an 
inch  diameter,  and  its  length  20  feet,  divided  into  tenths  of  a  loot,  will  be  found 
convenient. 
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Analysis  of  Gunpowder. 

Whatever  may  lie  the  mode  of  proof  adopted,  it  is  essential,  in  judging  of  the 
qualities  of  gunpowder,  to  know  Ihe  mode  of  fabrication,  and  the  proportions 
;iiul  degree  of  purity  of  the  materials;  the  latter  point  may  he  ascertained  by 
analysis. 

To  determine  the  QUANTITY  OF  Saltpetre.  In  a  vessel  of  tinned  copper. 
like  a  common  coffee  pot,  dissolve  1,000  grains  of  powder,  well  dried  before 
weighing,  in  2.000  grains  of  distilled  water,  and  heat  it  until  it  boils;  let  it  stand 
a  moment,  and  then  decant  it  On  a  piece  of  filtering  paper,  doubled  exactly  ill 
the  middle  ;  repeat  this  operation  four  limes;  al  the  4th,  instead  of  decanting, 
pour  the  whole  contents  of  the  vessel  on  the  filler;  drain  the  filler,  and  wash  it 
several  times  with  2,00.)  grains  of  water  lie  ited  in  a  vessel,  using,  in  all  these 
operations,  10,000  grains  of  water.  Alter  passing  through  the  tillers,  this  water 
contains  in  solution  all  the  saltpetre,  the  quantity  of  which  is  ascertained  hy 
evaporating  to  dryness.  Dry  the  double  tiller  with  the  mixture  of  coal  and 
sulphur,  and  take  the  weight  of  this  composition  by  using  the  exterior  filler  to 
ascertain  the  weight  of  that  on  which  the  composition  remains.  This  weight 
serves  to  verify  that  of  the  saltpetre,  and  to  estimate  the  loss  in  the  process. 
By  expelling  the  sulphur  from  this  composition  by  heat,  the  quantity  of  coal, 
and  consequently  of  sulphur,  may  be  found;  but  this  operation  is  tedious  and 

delicate. 

I'll    DETERMINE    TI1K    QUANTITY    OF    SULPHUR    DIRECTLY.      Mix    and    bent     in    a 

mortar  10  grains  of  dry  powder.  10  of  subcurbonate  of  potash.  10  of  saltpetre, 

and  40  of  chloride  of  sodium  ;  put  this  mixture  in  a  vessel  (capsule)  of  platinum 
or  glass,  on  live  coals,  and  when  the  combination  of  the  materials  is  completed, 
and  the  mass  is  white,  dissolve  it  in  distilled  Water,  and  saturate  tie  solution 
wilh  nitric  acid:  decompose  the  sulphate  which  has  been  formed  by  adding  a 
solution  of  chloride  of  barium,  in  which  the  exact  proportions  ol  the  water  and 
the  chloride  are  known.  According  to  ihe  atomic  proportions,  the  quantity  of 
sulphur  will  be  to  that  of'  the  chloride  of'  barium  used,  as  20.12  to  1  •">'_>.  |  |. 

To    DETERMINE    THE    QUANTITY    OF    ClIARCOAl.   DIRECTLY.      Mix    1,000   grains    of 

powder  wilh  an  equal  quantity  of  caustic  potash  (or  of'  Bubcarbonate  ol  soda  or 
potash)  and  a  little  water;  boil  the  mixture  for  some  time,  and  pour  ii  on  a 
double  filtering  paper;  when  the  liquor,  which  is  of"  a  deep  yellow  color,  is  fil- 
tered, wash  the  filter  several  limes  with  distilled  water  until  the  water  comes 
off  tasteless,  or  until  it  sives  no  precipitate  with  acetate  of  lead  ;  I  lieu  dry  the 
charcoal  and  weigh  it.  Repeat  the  operation  two  or  three  times.  Tic  results 
thus  obtained  may  be  verified  by  composing  a  powder  in  the  proportion  indi- 
cated, and  analyzing  it  in  the  same  way;  the  new  results  will  show  ihe  correc- 
tion- necessary  in  the  first. 
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Restoring  unserviceable  Powder. 

When  the  quantity  of  water  absorbed  by  gunpowder  does  not  exceed  7  per 
cent.,  the  powder  may  be  restored  by  drying.  This  may  even  be  effected  in  the 
magazine,  if  it  is  dry,  by  means  of  ventilation,  or  by  the  use  of  the  chloride  of 
1  j ii  10  for  20  or  30  days.  Quick  lime  may  be  used,  but  the  use  of  ii  is  attended 
with  danger,  on  account  of  the  heat  evolved  in  slaking. 

When  powder  has  absorbed  from  7  to  12  per  cent,  of  water,  it  may  still  be 
restored  by  drying  in  the  sun  or  in  a  drying  house  ;  but  it  remains  porous  and 
friable,  and  unfit  for  transportation  :  in  this  case  it  is  better  to  work  it  over.  In 
service;  it  may  be  worked  by  means  of  the  rolling  barrels,  as  described  for 
making  round  powder. 

When  powder  has  become  mixed  with  dirt  or  gravel,  or  other  foreign  sub- 
stances which  cannot  be  separated  by  sifting,  or  when  it  has  been  under  water, 
or  otherwise  too  much  injured  to  be  reworked,  it  must  be  melted  down,  to 
obtain  the  saltpetre  by  solution,  filtration,  and  evaporation. 


PRESERVATION,  STORAGE  AND  TRANSPORTATION. 

In  the  powder  magazines  the  barrels  are  generally  placed  on  the  sides,  three 
tiers  high,  or  four  tiers,  if  necessary ;  small  skids  should  be  placed  on  the  floor, 
and  between  the  several  tiers  of  barrels,  in  order  to  steady  them,  and  chocks 
should  be  placed  at  intervals  on  the  lower  skid,  to  prevent  the  rolling  of  the 
barrels.  The  powder  should  be  separated  according  to  its  kind,  the  place  and 
date  of  fabrication,  and  the  proof  range.  Fixed  ammunition,  especially  for  can- 
non, should  not  be  put  in  the  same  magazine  with  powder  in  barrels  if  it  can  be 

avoided. 

In  a  room  13  or  14  feet  wide,  the  barrels  may  be  arranged  in  a  double  row  in 
the  centre,  two  alleys  2£  feet  wide,  and  two  single  rows  6  to  12  inches  from  the 
walls  :  iii  this  way  the  marks  of  each  barrel  may  be  seen,  and  any  barrel  can  be 
easily  reached.  In  a  room  12  feet  wide,  an  equal  number  of  barrels  may  be 
placed  in  two  double  rows,  with  a  central  alley  of  3  feet,  and  two  side  alleys, 
next  the  walls,  of  about  10  in.  each  ;  there  should  be  an  unencumbered  space  of 
feet  at  the  door  or  doors  of  the  magazine. 

Should  it  be  necessary  to  pile  the  barrels  more  than  four  tiers  high,  the  upper 
tiers  should  be  supported  by  a  frame  resting  on  the  floor;  or  the  barrels  may  be 
placed  on  their  heads,  with  boards  between  the  tiers. 

Beside!  l'<'ing  recorded  in  the  magazine  book,  each  parcel  of  powder  should 
be  inscribed  on  a  ticket  attached  to  the  pile,  showing  the  entries  and  the  issues. 
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For  (he  preservation  of  the  powder,  anil  of  the  floors  and  lining  of  the  maga- 
zine, it  is  of  the  greatest  importance  to  preserve  unobstructed  the  circulation  of 
air,  under  the  flooring  as  well  as  above.  The  magazine  should  be  opened  and 
aired  in  clear,  dry  weather;  the  ventilators  must  be  kept  free  ;  no  shrubbery  or 
trees  should  be  allowed  to  grow  so  near  as  to  protect  the  building  from  the  sun. 
The  moisture  of  a  magazine  may  be  absorbed  by  chloride  of  lime  suspended  in 
an  open  box  under  the  arch,  and  renewed  from  time  to  time;  quick  lime,  as 
before  observed,  is  dangerous. 

The  sentinel  or  guard  at  a  magazine,  when  it  is  open,  should  have  no  fire 
arms,  and  every  one  who  enters  the  magazine  should  take  ofT  his  shoes,  or  put 
socks  over  them  ;  no  sword,  or  cane,  or  any  thing  which  might  occasion  sparks 
should  be  carried  in. 

Barrels  of  powder  should  not  be  rolled  for  transportation;  they  should  be 
carried  in  handbarrows,  or  slings  made  of  rope  or  leather.  In  moving  powder 
in  the  magazine,  a  cloth  or  carpet  should  be  spread  ;  all  implements  used  there 
should  be  of  wood  or  copper,  and  the  barrels  should  never  be  repaired  in  the 
magazine.  When  it  is  necessary  to  roll  the  powder  for  its  better  preservation 
and  to  prevent  its  caking,  this  should  be  done  with  a  small  quantity  at  a  time,  on 
boards  in  the  magazine  yard. 

In  \v;igons,  barrels  of  powder  must  be  packed  in  straw,  secured  in  such  a  man- 
ner as  not  to  rub  against  each  other,  and  the  load  covered  with  thick  canvas. 


LIGHTNING  RODS. 

Extracted  from  a  Report  of  the  French  Academy  of  Sciences. 

In  a  lightning  rod  there  may  be  distinguished  two  principal  parts;  the  pointed 
stem,  and  the  conductor,  with  its  roots. 

The  stem  or  upper  part  of  the  rod  is  a  bar  of  square  or  round  iron  or  copper, 
drawn  out  into  a  pyramidal  or  conical  form,  13  to  20  feet  high  (according  to  the 
height  of  the  building  and  of  the  surrounding  objects),  and  from  1.25  in.  to  2  in. 
thick  at  the  base,  in  order  to  give  it  sufficient  stillness  in  proportion  to  its  height. 
The  upper  end  is  made  of  a  conical  brass  rod,  20  in.  long,  gilt  at  the  lop.  or 
pointed  with  platinum,  which  is  united  to  the  brass  with  silver  solder,  the  joint 
strengthened  by  a  small  brass  collar.  The  iron  and  brass  rods  are  joined  together 
by  an  iron  dowel,  screwed  into  both,  and  secured  by  iron  pins.  The  brass  point 
i  may  be  used  without  being  gilt  or  armed  with  platinum. 

The  stem  should  be  made,  if  possible,  in  One  piece;  if  it  becomes  necessary  to 
15 
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divide  it,  ihe  joint  should  be  at  about  one-third  of  the  height  from  the  bottom  ; 
the  two  parts  connected  together  by  a  tapering  tenon  in  the  upper  piece,  and  a 
corresponding  mortise  below,  secured  by  an  iron  pin;  or,  the  two  parts  may  be 
screwed  together.  At  the  bottom  of  the  stem,  above  the  roof,  is  a  shoulder  or 
Banco  to  throw  off  the  rain  water  which  might  otherwise  Ibllow  down  the  rod 
into  the  roof;  just  above  this  flanch  the  stem  is  rounded  about  2  in.  in  height,  to 
re  cive  a  hinged  collar  with  two  earn,  between  which  the  end  of  the  conductor 
i-  secured  by  a  bolt;  or  the  stem  and  the  conductor  may  be  connected  by  a 
square  cellar  or  strap,  and  a  bridle,  which  is  fastened  over  the  conductor  by  two 
nuts  screwed  on  the  ends  of  two  branches  of  the  strap  which  pass  through  holes 
in  the  bridle  ;  the  back  of  this  strap  has  a  branch  projecting  upward,  which  is 
secured  by  a  bolt  to  a  fork  formed  in  the  end  of  the  conductor. 

The  stem  is  lixed  to  the  building  in  various  ways,  according  to  circumstances. 
The  best  method  is  to  attach  it  to  a  chimney  or  gable,  where  it  may  be  secured 
by  straps  passing  round  the  chimney,  or  through  the  wall,  keyed  inside  against 
an  iron  bar.  On  an  arch,  the  stem  terminates  in  three  or  four  branches  or  feet, 
which  are  leaded  into  the  masonry. 

The  conductor  is  made  of  bars  of  sijuare  or  round  iron  or  copper,  from  0.5  in. 
to  1  in.  thick,  connected  together  by  a  bevel  joined  in  the  form  of  a  Z.  fastened 
by  2  pins  ;  or  the  bars  may  be  screwed  together.  The  conductor  runs  parallel 
to  the  roof,  from  4  in.  to  6  in.  above  it,  and  is  supported,  at  intervals  of  about  10 
feet,  by  forks,  the  lower  ends  of  which  are  not  pointed,  but  llatlened  and  bent  at 
a  right  angle  and  nailed  to  a  rafter,  to  prevent  the  filtration  of  water  into  the  wood; 
the  rod  is  held  in  each  fork  by  a  rivet  through  the  branches  above  the  rod. 

The  conductor  follows  the  cornice  of  the  building  without  touching  it,  and 
descends  in  like  manner  along  the  wall,  to  which  it  is  fastened  by  cramps  or 
staples.  About  IS  in.  below  the  surface  of  the  ground,  it  is  bent  perpendicularly 
to  the  wall,  and  extended  in  that  direction  about  15  feet,  when  it  passes  into  a 
well,  or  if  water  is  not  met  with,  into  a  pit  15  feet  deep,  which  may  be  filled  with 
loose  paving  stones,  if  it  is  not  convenient  to  let  it  remain  as  a  well. 

To  facilitate  the  transmission  of  the  electric.  Iluid,  and  to  prevent  the  rod  from 
becoming  rusty,  it  is  enclosed  in  a  trough  filled  with  well-burnt  charcoal,  which 
should  be  packed  about  1.5  in.  thick  all  round  the  rod;  this  trough  may  be  made 
of  bricks,  or  of  stone,  tiles,  wood,  etc.  The  conductor  passes  out  of  this  trough 
through  the  sides  of  the  well  ;  if  the  latter  is  within  the  building,  the  conductor 
should  pass  through  the  wall  under  ground.  The  communication  should  not  be 
made  with  a  well  or  cistern  which  is  resorted  to  for  use. 

The  conductor  terminates  generally  in  two  or  three  pro?igs,  which  should  be  so 
placed,  if  possible,  as  to  be  always  immersed  in  water  not  less  than  2  feet;  in 
a  dry  well,  the  prongs  should  be  covered  with  charcoal  well  rammed,  and  the 
rod  within  the  well  should  be  enclosed  in  a  pipe  or  trough  filled  with  charcoal. 
In  rock  or  dry  ground,  if  the  conductor  cannot  be  led  into  moist  earth,  increase* 
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the  number  of  branches.     Lead   the  rain   water,  if  practicable,  over  or  through 
the  trough  which  contains  the  rod,  and  into  the  well. 

Chains  or  ropes  of  metallic  wire  maybe  used  for  conductors,  and  are  conve- 
nient in  some  situations,  but  rods  are  preferable.  Copper  wire  is  better  than  iron 
for  this  purpose. 

The  greatest  care  must  be  taken,  both  in  fixing  the  rod  and  in  its  subsequent 
preservation,  to  keep  the  communication  perfect  through  every  part  of  it;  other- 
wise it  will  he  dangerous  instead  of  useful. 

It  is  considered  that  a  lightning  rod  can  protect  a  circular  space  the  radius  of 
which  is  double  the  height  of  the  rod  above  the  roof  of  the  building;  but  when 
it  is  attached  to  an  elevated  part  of  the  building,  such  as  a  tower  or  steeple,  it  is 
safer  to  rely  on  its  protection  to  the  extent  only  of  its  height  above  the  body  of 
the  building,  and  to  erect  others  for  protecting  the  more  distant  parts. 

A  building  is  better  protected  by  two  rods  of  15  to  20  feet  high,  placed  at  a  dis- 
tance equal  to  the  sum  of  their  radii  of  action,  than  by  one  rod  of  double  the 
height. 

All  the  large  pieces  of  metal  about  a  building,  such  as  metallic  coverings  of 
the  roof,  ridges,  fastenings,  gutters,  and  long  bars,  should  communicate  with  the 
conductor  through  bars  or  wires  about  0.25  in.  thick;  it  is  better,  in  this  respect, 
not  to  use  such  materials  in  building  when  they  are  not  indispensable;  nothing 
is  to  be  apprehended  from  the  common  iron  work  of  buildings,  as  hinges, 
locks,  etc. 

The  conductor  should  be  carried  to  the  ground  in  the  shortest  line ;  one  con- 
ductor may  sometimes  be  made  to  communicate  with  two  stems,  without  in- 
creasing its  diameter:  there  should  be  not  less  than  two  conductors  for  three 
stems  or  points;  the  feet  of  several  conductors  may  be  made  to  communicate 
with  eacli  other. 

Conductors  should  be  generally  placed  on  the  side  toward  the  prevalent 
storms;  the  walls  of  that  side  being  oftenest  wet  by  the  rain  might  otherwise 
cause  accidents,  by  acting  as  imperfect  conductors.  • 

Lightning  rods  for  powder  magazines  are  attached  to  masts  or  poles  planted 
from  six  to  ten  feet  from  the  walls  of  the  building:  the  stem  of  the  rod  need  not 
be  thicker  than  the  conductor,  nor  more  than  six  feet  high,  but  the  mast  should 
be  of  such  a  height  that  the  point  of  the  stem  may  be  about  fifteen  feet  above  the 
building. 
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AMMUNITION  AND  .MILITARY    FIREWORKS. 

LA  BORATORY. 

Buildings. 

The  rooms  required  for  a  laboratory  are  : 

1.  Furnace  room,  for  casting  bullets  and  making  compositions  requiring  the  use 
of  fire. 

2.  Cartridge  rooms,  for  making  paper  and  flannel  cartridges  of  all  kinds. 

3.  Filling  room,  for  filling  cartridges  for  cannon  and  small  arms. 

4.  Composition  room,  for  mixing  compositions. 

5.  Driving  room,  for  driving  rockets,  portfires,  fuses,  etc. 

6.  racking  room,  for  putting  up  ammunition  for  transportation  or  storage. 

7.  Co rpenters'  shop. 

B.  Magazine,  or  storehouse  for  powder  and  fixed  ammunition,  etc. 

These  rooms  are  sometimes  arranged,  for  greater  security,  in  separate  build- 
ings, protected  by  trees  or  traverses  of  earth;  but  it  is  more  convenient  to  have 
them  under  one  roof  (except  the  furnace  room,  the  carpenters'  shop,  and  the 
magazine),  or  connected  by  covered  pa.-sages.  The  laboratory  should  be  apart 
from  inhabited  buildings.  The  size  of  the  rooms  must  be  regulated  by  the  num- 
ber of  artificers  to  be  accommodated,  and  in  small  establishments,  the  number  of 
rooms  may  be  reduced,  as  the  same  room  may  be  used,  at  different  times,  for 
different  purposes. 

In  a  large  establishment,  such  as  an  arsenal  of  construction,  the  arrangements 
of  the  laboratory  will  be  necessarily  modified  by  the  facilities  for  work  afforded 
by  other  parts  of  the  establishment. 

Fixtures  and  Furniture. 

1.  Furnace  room.  Furnaces  ;  work  benches  ;  platform  .balance,  or  large  scales  j 
a  tinners'  bench  and  tools,  with  a  vice,  an  anvil  and  a  chest  for  tools;  a  smiths' 
shovel  and  poker;  stools,  etc. 
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u  tridge  noma.  A  table  lor  making  cartridges  (or  small  arms,  12  feet  long 
and  2\  feet  wide,  for  12  men  or  boys  to  work  at,  and  the  length  in  that  proportion 
for  any  greater  number;  tables  for  cutting  paper  and  flannel,  and  for  rolling 
case*  on  ;  choker  for  rocket  cases;  press  for  rocket  and  portfire  cases;  benches 
for  cartridge  tables;  stools.  Closets  should  be  partitioned  off  from  these  rooms 
and  furnished  with  cases,  drawers,  racks,  and  shelves,  for  materials  and  tools. 

.';.  Filling  romu.  A  shelf  2  feet  wide  ibr  weighing  on  ;  other  shelves  with  closets 
under  them  ;  tables  with  raised  borders  for  filling,  folding,  etc.;  budge  barrels,  or 
powder  barrels  with  copper  hoops  and  covers;  stools  for  seats;  footstools;  a 
Step  ladder;  stands  and  gutters  for  emptying  powder  barrels. 

4.  Composition  room.  Shelf  for  weighing  on;  shelves,  drawers  and  closets; 
tables;  mealing  tables,  with  raised  borders;  stools  for  seats;  foot  stools;  step 
ladder. 

5.  Driving  room.  Blocks  set  in  the  ground  or  pavement,  through  the  floor; 
benches  and  stools. 

In  favorable  weather,  a  porch  attached  to  the  building,  or  a  tent,  may  be  used 
for  a  driving  room. 
G.   Packing  room.     Tables,  benches  and  stools  ;  platform  balance. 
7.   Carpenters'  shop.  Turning  lathe  and  tools;  carpenters'  benches  and  tools. 
8.'  Magazine.  Shelves  and  frames,  for  boxes  and  barrels. 

Furnaces. 

Two  kinds  of  furnaces  are  used  in  a  laboratory:  in  the  first,  the  flame  circu- 
lates around  both  the  bottom  and  sides  of  the  kettle;  in  the  second,  it  conies  in 
contact  only  with  the  bottom ;  the  latter  are  used  for  compositions  of  which  gun- 
powder forms  a  part 

Furnaces  are  built  of  bricks.  The  kettle  is  of  cast  iron,  about  2  feet  in  diam- 
eter at  the  top,  having  a  rounded  bottom  and  a  flange  about  4  inches  wide  around 
the  top,  or  else  strong  handles,  to  set  it  by.  The  bottom  is  0.7f>  in.  thick,  and  the 
sides  0.5  in.  By  setting  it  in  an  iron  plate  pierced  with  holes,  encircling  the 
bottom,  a  furnace  of  the  first  kind  may  be  converted  into  one  of  the  second  kind 
bv  stopping  the  holes. 

In  the  field,  furnaces  may  be  built  with  sods,  or  sunk  in  the  earth,  if  bricks 
cannot  be  readily  procured. 

Furnace  /milt  with  «<»</».  Let  the  kettle  rest  on  a  trivet,  the  feet  of  which  may 
Stand  on  any  piece  of  flat  iron,  such  as  the  bottom  of  a  shot  canister,  or  stand  for 
grape,  the  bottom  of  the  kettle  about  1  foot  from  the  ground:  build  round  it 
with  sods;  the  door  of  the  furnace  is  10  in.  square;  the  flue  of  the  chimney, 
opposite  to  the  door,  6  inches  square,  and  commencing  about  G  in.  from  the 
ground  ;  the  first  part  of  the  flue  inclined  at  an  angle  of  about  15°,  the  rest  ver- 
tical and  placed,  if  circumstances  permit,  against  a  wall;  the  top  of  the  door  and 
of  the  flue  may  be  supported  by  small  bars  of  iron. 
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Furnace  siaii-  in  the  earth.  The  edge  of  the  kettle  should  be  1  foot  above  the 
ground,  arid  the  bottom  1  foot  above  the  hearth  of  the  furnace;  the  earth  is  dug 
out  so  as  to  give  access  to  the  door  ;  the  flue  is  bored  out  on  the  opposite  side, 
with  a  crowbar;  it  commences  6  in.  above  the  hearth  and  comes  out  of  the 
ground  IS  in.  from  the  surface,  whence  it  is  carried  horizontally  about  13  feet. 

In  furnaces  of  the  second  kind  mentioned  above,  the  trivet  may  be  omitted, 
and  the  kettle  may  rest  on  the  sod  or  earth,  for  about  I  in.  all  round. 


Tools  and  Implements. 

The  following  list  of  laboratory  tools  and  implements  shows  the  kinds  and 
proportions  which  may  be  required  for  a  large  laboratory  and  for  a  park  of 
artillery : 


Adze   copper,  weighing  5  lbs 

Bench,  for  drawing  the  loads  of  shells 

Bench  stake 

Bick  iron 

[  for  driving  fuses  of  different  calibres 

for  driving  signal  rockets  and  portfires.  .. 

for  punches 

[  for  cutting  on 

Bottles,  with  ground  class  stoppers 

Boxes,  for  12  workmen  making  cartridges,  3  to  each 
Bowls       I  wooden,  various  sizes 


Blocks, 


lazed,  large 


(  earthen, 
Braces  and  bits  .... 

Brushes,  of  various  kinds 

Buckets 

Callipers,  various  sizes 

(  for  fuses 

Chargers,    j  for  portfires 

copper.    1  for  signal  rockets 

[for  cartridges  for  small  arms  (revolving) 

Chisels,  brass,  for  unloading  shells 

r^.™„  «.„  .      f  common 

Compasses,    i 

(spring 

Coopers'  drivers,  copper  and  wood 

Crowbar 

Cutting  boards 

Dippers 


QUANTITY. 

Labo- 
ratory. 

Park. 

1 

1 

1 

1 

1 

72 

G 

2 

1 

4 

36 

12 

4 

6 

2 

1 

18 

4 

6 

3 

1 

36 

18 

4 

2 

6 

2 

4 

1 

6 

3 

3 

1 

2 

1 

2 

2 

1 

1 

6 

6 

::*2 
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Drifts, 


Formers, 


Dredging  boxes 

f  of  iron,  poinleil  with   copper  or  brass,  for  driving-   port- 
fire's  

|  for  driving  fuses  for  13  in.  and   10  in.  shells;  long  and 

short 

for  driving  fuses  for  S  in.  shells  and  howitzers  :  long  and 

short 

for  driving  signal   rockets,  sets  for  2-pdr 

do.  do.  do.  1-pdr 

Ibr  driving  serpents,  iron 

f  of  iron  or  wood,  for  portfire  cases   

for  rocket  cases,  sets  for  each  calibre 

for  serpents 

for  leaders 

for   small   arm   cartridges,  of  each   calibre,   1   to    each 

workman 

for  cylinders  and  caps,  for  each  calibre 

for  mortar  cartridges,  do.  

lor  pots  for  rockets,  do.  

lor  cutting  pots  on,  do.  

for  cones  for  rockets,  do.  

for  wads,  do.  

Fork,  iron,  for  dipping  pitched  lacines 

Funnels,  of  copper  and  tin,  various  kinds 

'Fuse  setters 

Fuse  extractors 

steel,  for  shot  and  shells;  for  each  calibre 

double,  for  grape  and  canister,  do.  

do.       for  cartridge  formers,  do.  

do.       for  priming  tubes 

of  sheet  iron,  for  shot  blocks,  for  each  calibre 

do.  for  canister  bottoms,      do.  

do.  for  canisters,  do.  

[  of  copper  or  wood,  for  cannon  cartridges 

Gimlets 

Gimlets  for  priming  rockets 

Glue  pot  and  brush 

<  runners1  callipers 

Gunners'  pincers 

Hammers    f  ir011,  ha,u1,  lor  BtraPPing  shot»  etc 

'   ( copper 

I  landbarrows,    with    rope    or    leather    bottoms 


Gaui 


for    powder    bar- 


Halcbel 

Hooks  Tor  unpacking  ammunition  boxes.. 
implements  for  making  paper  fuses — sets. 


QUANTITY. 


Labo- 
ratory. 


12 
24 

24 

1 
o 

6 
(5 
2 
0 
2 

20 
2 

I 
1 
1 
1 
1 
1 
28 


3 

13 

2 
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QUANTITY. 


Kettles. 


Knives, 


{  iron,  for  melting  lead  . 
J  iron,  for  lirestone,  etc 

I  iron,  for  pitch 

I  copper   (or  paste. 


for  cutting  paper,  large  and  smal 

lead,  pitch,  etc 

for  saltpetre,  etc 


I1'1 


j  iron,  for  lead,  pitch,  etc. 
{  copper, 


Ladles, 

Lantern 

Letter  punches  (stencils),  set 

f  for  driving  fuses  and  portfires 

Mallets,  I  for  driving  rockets 

(carpenters' 

Measures    {  ,or  l1c)W(,er-  from  s  lbs-  to  4  oz 

"'  }  gallon,  quart,  pint,  half  pint,  and  srill 

Mortar  and  pestle,  bronze 

Mortar,  marble,  with  pestle  of  hard  wood 

{  for  balls  and  buckshot,  sets 

Moulds    J  *°r  incendiary  balls,  different  calibres 

1  brass  for  cylinders  of  copper  or  tin),  for  portfires 

[for  rockets,  of  each  calibre 

M tillers,  wooden 

Needles,  of  various  kinds 

Nippers,  {  |hr  °»ttin?  wi,re- 

11        '  (  lor  trimming  balls 

Palms,  lor  sewing  canvas 

Paste  brushes 

f  for  cartridge  papers  for  small  arms , 

Patterns.  ■'  tin'  of  eacn  ,cind  and  cn,lljre  ,ur  paper  cartridges...., 
v'  j  tin,  of  each  kind  and  calibre  for  llannet  cartridges  . . . 

[  tin,  of  each  kind  and  calibre  for  canisters , 

Pans,  coppers,  various  sizes 

Pitchers,  stone 

Pliers,  flat,  for  twisting  wire 

Press,  for  paper  and  pasteboard 

Profiles,  of  sheet  iron,  for  shot  blocks,  for  each  calibre 

Punches ' 

f  for  piercing  shot  straps 

Punches,  J  centre 

(for  fuze  caps  ;  for  13  in.,  10  in.,  3  in.,  and  24-pdr.,  2  ea 

Hasps,  for  wood 

Reels,  or  frames,  for  quick  match 

Rocket  stand 

Rolling  boards,  for  portfire  cases,  etc 

Rules   {  carPenlers' 

'  |  iron,  lor  cutting  by 

Sand  stones,  for  sharpening  knives 


1 

1 

48 

20 

6 

4 

2 

22 

12 

5 

5 

1 

1 

1 

6 

6 

4 

4 

2 

1 

4 

2 

50 

50 

2 

1 

6 

3 

4 

2 

12 

12 

4 

2 

1 

1 

1 

1 

1 

IS 

6 

6 

4 

•) 

1 

1 

6 

12 

a 

4 

8 

6 

fi 

2 

1 

4 

2 

l 

8 

o 

6 

2 
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■   of  1  foot  (diagonal),  divided  into  inches  and  lOOths 

Scales,  copper,  large,  small,  and  medium;  or  spring  balances 
Scissors  and  shears  of  different  sizes  ;  one  pair  for  each  cartridge 

maker 

Scoops,  copper,  for  taking  tip  materials 

Screw  drivers 

Scribere 

Shell  plug  screws 

a.  f  hair,  Nos.  1.  2.  3.  and  4,  with  frames   

Sieves,    -iii..'        I.. 

'     {  bolting  cloth 

Screens,  lor  demolition  of  cartridges  for  small  arms 

Shovels 


Skimmer,  copper,  for  saltpetre 

Soldering  furnaces  and  irons 

Socks,  pairs 

(  steel,  for  saltpetre,  etc 

Spatulas,  i  for  fire  stone 

(for  packing  ammunition  boxes 

Spokeshave 

Spools,  for  twine   

c  (  wooden - 

Squares,  i  . 


Stamps,  for  flannel  cartridges,  for  each  calibre. 

Tarpaulins 

Thimbles 

Tinners'  crease 

Tinners'  shears 

Trestles,  pairs 

Trivets,  iron 

f  for  the  demolition  of  cartridges  for  small  arms 
Tubs,  •  common 

(for  making  slow  match,  etc.  (casks  sawed  in  two). 

Twisting  machine,  for  match  rope,  etc 

Watering  pots 

Weights,  sets  for  each  balance  or  pair  of  scales 

Wires,  brass,  for  piercing  priming  tubes 

Yard  stick 


12 
6 
4 
4 
4 
4 
2 
2 
2 
1 
2 

60 
3 
6 

24 
1 

40 
G 
2 

1 
4 
6 

1 


1 

6 

8 

1 

o 

1 

1 

1 

000 

100 

1 

1 

1 

2 

12 
4 
2 
2 
2 
4 
2 
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Powder  Measures. 

Made  of  sheet  copper;  those  for  use  in  the  park  should  be  made  without 
handles,  for  the  convenience  of  putting  them  up  in  a  nest;  their  form  is  cylin- 
drical, the  interior  diameter  and  height  being  equal. 

To  find  the  diameter  and  height  of  a  cylinder  to  contain  a  given  quantity  nf 

gunpowder:  Multiply  the  weight  in  pounds  by 

35. '2  for  cannon  powder 1     .-         ,.         , 

.,n   i  c  i    .  ii  i      t  of  medium  density, 

69. 4  for  musket  or  rifle  powder  J  •' 

and  take  the  cube  root  of  the  product. 


DIMENSIONS    OF    POWDER    MEASURES. 


Precautions  against  accidents. 

Avoid,  as  much  as  possible,  the  use  of  iron  in  the  construction  of  the  build- 
ings, fixtures,  tables,  etc.,  of  the  laboratory  ;  sink  the  heads  of  iron  nails  if  used, 
and  paste  paper  or  putty  over  them  ;  cover  the  floor  with  oil  cloth  or  carpets  ; 
have  it  frequently  swept.  Let  the  workmen  in  the  powder  room  wear  socks, 
and  take  them  olf  when  they  go  out.  Keep  no  more  than  the  requisite  quantity 
of  gunpowder  in  the  laboratory,  and  have  the  ammunition  and  finished  work 
taken  to  the  magazine.  Let  powder  barrels  be  carried  in  handbarrows  made 
with  leather,  or  with  slimrs  of  rope  or  canvas,  and  the  ammunition  in  boxes. 
Let  everything  that  is  to  be  moved  be  lifted,  and  not  dragged  or  rolled  on  the 
floor.  Never  drive  rockets,  portfires,  etc.,  in  a  room  where  there  is  any  powder 
or  composition,  except  that  used  at  the  time.  Never  enter  the  laboratory  at 
night,  unless  it  is  indispensable,  and  then  use  a  close  lantern,  with  a  wax  or  oil 
light  carefully  trimmed.     Allow  no  smoking  of  tobacco  near  the  laboratory. 
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MATERIALS. 

Note.  The  proportions  are  by  weight,  and  the  temperatures  in  degrees  of 
Fahrenheit's  thermometer. 

Saltpetre.  For  use  in  the  laboratory,  saltpetre  must  be  reduced  to  fine  pow- 
der, or  else  to  very  minute  crystals.  It  is  best  pulverized  in  the  rolling  barrels 
at  the  powder  mills,  but  it  may  be  pulverized  by  hand  in  the  laboratory,  as  fol- 
low.-: Put  into  a  rolling  barrel  50  lbs.  of  dry  refined  saltpetre,  and  100  lbs.  of 
composition  balls;  turn  the  barrel  for  two  hours  and  a  half  at  30  revolutions  a 
minute,  striking  it,  at  the  same  time,  with  a  mallet  to  prevent  the  saltpetre  from 
adhering  to  the  sides.  Separate  the  balls  by  means  of  a  brass  wire  screen,  and 
the  foreign  substances  with  a  hair  sieve. 

Saltpetre  may  also  be  pulverized  by  pounding  it  in  a  brass  mortar,  or  by  solu- 
tion as  follows:  Put  14  lbs.  of  refined  nitre,  with  5  pints  of  clear  water,  in  a 
broad  and  shallow  copper  pan  over  a  slow  fire,  and,  as  the  nitre  dissolves,  skim 
off  the  impurities;  stir  the  solution  with  a  wooden  spatula  until  the  water  is  all 
evaporated,  when  the  nitre  will  be  very  white  and  fine.  Should  it  boil  too  much, 
the  pan  must  be  lifted  from  the  fire  and  set  upon  wet  sand  or  earth,  and  the  salt- 
petre should  be  stirred  until  it  dries,  to  prevent  it  from  adhering  to  the  pan. 

Charcoal.  To  make  charcoal  fit  for  laboratory  use:  Bury  an  iron  kettle  in 
the  earth,  to  within  4  inches  of  the  edge  ;  put  small  pieces  of  wood  against  the 
sides;  set  fire  to  them,  and  add  wood  as  it  burns,  covering  that  which  is  already 
charred;  stir  it  with  a  poker,  from  time  to  time,  until  the  kettle  is  full  of  char- 
coal;  then  put  on  a  cover,  and  when  vapor  ceases  to  come  over,  cover  it  with 
earth  ;  at  the  end  of  48  hours  take  out  the  charcoal,  and  separate  the  wood  which 
is  imperfectly  charred. 

Charcoal  should  be  kept  in  close  barrels,  in  a  dry  place.  For  use,  when  not 
previously  pulverized,  it  is  put  intD  a  rolling  barrel  with  4  times  its  weight  of 
bronze  balls,  and  run  for  half  an  hour;  it  is  then  screened  and  bolted.  It  may 
be  pulverized  also  in  a  leather  bag,  in  which  it  is  beaten  about  live  minutes  with 
a  maul  ;  the  bag  should  be  well  filled  ;  it  is  held  on  a  block  and  turned  occasion- 
ally by  one  man  whilst  another  pounds  it.  Charcoal  for  signal  rockets,  being 
used  coarse,  is  beaten  about  If)  blows,  and  passed  through  a  coarse  and  a  fine 
sieve,  using  that  which  remains  on  the  latter;  charcoal  from  hard  wood  answers 
best  for  this  purpose. 

Sulphur.  When  melted  sulphur  is  to  be  used,  care  must  be  taken  that  it  does 
not  become  thick,  which  occurs  at  about  320°.  It  is  pulverized  by  being  rolled 
4  hours  in  a  rolling  barrel,  with  twice  its  weight  of  balls,  or  by  being  pounded 
in  a  mortar  and  sifted.  Roll  brimstone  is  used  for  melting,  and  flowers  of  sul- 
phur may  be  used  instead  of  roll  sulphur  pulverized,  but  is  not  so  good. 

Gunpowder.     For  compositions,  gunpowder  is  mealed,  either  by  rolling  it  for 
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2  hours  with  once  and  a  half  its  weight  of  balls,  or  by  beating  it  an  equal  length 
ol  time  in  a  leather  bag.  or  by  grinding  it  with  a  muller.  on  a  mealing  table. 

Mealed  powder  and  pulverized  saltpetre,  charcoal  and  sulphur,  are  generally 
obtained  from  the  powder  mills. 

Lead.     Specific  gravity  11,352— melts  at  600°. 

Pigs  of  lead  frequently  contain  foreign  matters;  the  fraud  is  easily  detected 
by  immersing  the  pig  in  a  vessel  of  water  with  straight  sides,  so  that  the  quan- 
tity of  water  displaced  by  the  lead  may  be  easily  measured  ;  the  weight  of  the 
lead  should  be  equal  to  that  of  the  water  displaced,  multiplied  by  11.352. 

Lead  melted  in  contact  with  air  is  soon  covered  by  a  coat  of  grey  oxide,  which 
rapidly  increases  in  thickness.  The  formation  of  this  oxide,  or  of  dross,  is  pre- 
vented by  covering  the  lead  with  powdered  charcoal  or  rosin. 

To  reduce  the  oxide  of  lead.  Put  in  a  kettle  about  50  lbs.  of  lead,  with  1  -10th 
of  its  weight  of  powdered  charcoal  or  grease:  cover  the  kettle,  and  raise  to  a 
red  heat;  stir  the  mass  and  add  gradually  more  coal,  as  it  assumes  a  yellow 
color,  using  in  all  l-6th  of  the  weight  of  oxide  ;  dip  out  the  lead  with  an  iron 
ladle,  and  pour  it  into  iron  moulds  or  pans.  After  having  obtained  in  this  way 
two-thirds  of  the  weight  of  oxide,  in  lead,  throw  the  dross  into  a  tub  of  water 
and  wash  it,  to  separate  the  ashes  and  coal;  dry  the  remaining  oxide  and  grains 
of  lead,  and  put  them  in  the  ladle  with  l-20th  of  their  weight  of  rosin  ;  raise  it 
to  a  red  heat,  set  fire  to  the  rosin,  shake  the  ladle  and  pour  off  the  lead  ;  a  fur- 
ther addition  of  rosin  will  produce  more  lead ;  l-14th  of  the  weight  of  dross  is 
generally  used.     Tallow  may  be  used  in  place  of  rosin. 

When  the  quantity  of  dross  is  considerable,  it  may  be  reduced  in  a  similar 
manner,  in  a  small  cupola  furnace. 

Acetate  of  Lead  {sugar  of  lead)  is  used  for  making  slow  match ;  it  is  a  white 
efflorescent  salt,  of  a  sweet  taste,  very  soluble  in  water. 

Plummers'  Solder  (soft  solder)  is  an  alloy  of  lead  with  J  or  J  of  tin  ;  used  for 
soldering  tin. 

Antimony.  Specific  gravity  6,700— melting  point  809°;  it  is  easily  reduced 
to  powder,  and  by  its  combustion  with  sulphur  produces  strong  light  and  heat, 
with  a  blue  or  white  flame.  Antimony  is  never  found  pure  in  the  shops ;  that 
which  is  sold  under  the  name  of  regulns  of  antimony  always  contains  a  little 
sulphuret  of  antimony,  arsenic,  and  sometimes  sulphuret  of  iron. 

Copper  (see  page  8)  being  but  slightly  acted  on  by  saltpetre,  is  employed  for 
powder  measures,  utensils  for  refining  saltpetre,  etc.  Copper  vessels  should 
not  be  exposed  to  a  great  heat,  or  used  for  heating  compositions  containing  sul- 
phur; the  copper  would  be  rapidly  oxydized,  or  would  combine  with  the  sul- 
phur, and  there  would  be  danger  of  explosion. 

Bronze  is  used  for  utensils  and  implements  liable  to  blows,  or  acting  by  per- 
cussion. 

Brass  Wire,  for  screens  and  sieves. 
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Acetate  of  Copper  (verdigris)  is  used  to  make  slow  match,  which  gives  a 
strong  coal  and  a  slight  green  flame. 

Copper  Filings  give  reddish  sparks  and  a  greenish  hlue  flame. 

Zinc.  Specific  gravity  6,660 — melts  at  680° — is  volatilized  at  a  red  heat. 
Heated  t<>  100°,  it  may  be  pulverized  under  the  hammer.  It  gives  a  bluish 
flame;  an  alloy  of  zinc  and  antimony  pulverized  gives  beautiful  blue  drops. 
The  oxide  of  zinc  (flowers  of  zi?ic)  produces  the  appearance  called  gold  rain. 

Iron.  Filings  and  thin  chips  give  very  brilliant  sparks  and  stars,  the  effects 
of  which  depend  on  the  size  of  the  particle  used;  the  filings  must  be  made 
when  wanted,  or  be  very  carefully  preserved  from  rust. 

Steel.     Filings  and  small  pieces  of  steel  give  the  most  brilliant  sparks. 

Cast  Ikon,  pulverized,  gives  very  large  red  sparks  (Chinese  fire).  White 
metal,  or  fragments  of  thin  pots  are  to  be  preferred  ;  to  facilitate  pulverization, 
heat  the  iron  red  and  throw  it  into  cold  water. 

Sheet  1r>n.  Choose  the  softest  and  most  pliant;  to  make  it  bend  easily  it 
must  be  annealed  by  heating  to  a  dull  red,  in  a  fire  of  shavings,  and  letting  it 
cool  on  a  bed  of  hot  ashes  sheltered  from  the  wind. 

Tin  should  be  very  pliant,  of  a  smooth  surface,  free  from  rust,  having  a  white 
and  homogeneous  fracture. 

For  the  five  preceding  articles,  seeCHAPTER  XIV. 
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LABORATORY  TArER. 


Kind. 


For  ball  cartridges... 

musket 

rifle 

pistol 

For  wrappers 

musket  or  rifle 
cartridges 

pistol  

For  blank  cartridges 

musket 

wrappers  for  do.. 
Fo»  portfires 

1,8  in.  rockets 

2  in.  rockets 

For  fixed  ammunit'n 
for  field  guns.. 

6-pdrs 


12-pdrs. 

18-pdrs. 


For  cannon  cartridg's 

24-pdrs 

32-pdrs 

42-pdrs 


Inches. 
13  by  16^ 


18  by  20 


15  by  20 


19  by  28 
13^  by  24 


19  by  23 


1.000 


1.000 


1,000 


:>; 


60 


Articles  made  with 
one  bundle. 


12.000  Cartridges , 

16.000  Cartridges 

24,000  Cartridges 

6,000  Wrappers , 

9,000  Wrapper* 

20.000  Cartridges 

4,000  Wrappers  ..  ... 
1,000  Cases 

200  Cases 

125  Cases  

2.000  Cylinders  ...  1 

2,000  Caps J 

1.000  Cylinders  ...  I 

1,000  Caps J 

600  Cylinders  ...  ) 
600  Caps / 

500     Bags 

333UBags 

333%  Bags 


Quantity  required  for 
a  stated  number  of 
articles. 


o> 

. 

3 

J3 

O 

O 

o 

Z 

55 

1,000 

83U 
62k 

1,000 
1,000 

100 

16*J 

100 

11 

1.000 

50 

100 

25 

1,000 

500 

100 

250 

100 

400 

100  each 

25 

100  each 

50 

100  each 

83% 

100 

100 

100 

150 

100 

150 

1.66 
1.25 
0.83 


0.6 

0.4 

1.5 

0.75 
65. 
32.5 
52. 


3. 

6. 

10. 

14. 
2L 

a. 


No.  1  should  be  well  sized,  smooth,  strong,  and  of  even  thickness  ;  thickness 
of  bundle  pressed,  4  inches. 

No.  2,  of  strong-  materials,  with  very  little  sizing-. 

No.  3,  of  ordinary  materials,  smooth,  well  sized,  and  colored  blue. 

Nos.  4,  5  and  6,  of  best  materials,  even  and  well  sized. 

The  several  kinds  to  be  packed  in  bundles;  Nos.  1,  2,  3,  in  bundles  of  1,000 
sheets  each-;  the  others,  in  bundles  of  500  sheets;  all  without  folding.  The 
dimensions  given  above  are  such  as  the  sheets  are  required  to  have  when  trim- 
med for  use. 
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A  ream  o(  paper  is  20  quires  of  24  sheets  each. 

Proof  of  laboratory  paper.  Cut  a  strip  1  in.  wide  and  one  foot  [bug,  in  the 
weakest  direction  of  the  fibre  of  the  sheet  ;  make  a  loop  by  lapping  the  ends  of 
the  strip  and  pressing  them  between  two  rollers  fixed  in  a  frame;  suspend  a 
BCale-pan  by  means  of  a  hook  attached  to  the  ends  of  another  roller  resting  in 
the  bottom  of  the  loop;  these  strips  should  sustain,  before  breaking,  the  follow- 
ing weights 


Lbs. 

Lbs. 

No. 

1 

85. V 

No. 

4 

ISO 

0 

101 

5 

225 

3 

67* 

f> 

315 

Parchment,  used  principally  for  fuze  caps.  Parchment  paper  may  be  substi- 
tuted for  it. 

Pasteboard  is  made  of  2  or  3  sheets  of  paper  pasted  together  ;  about  50  of 
the  sheets  of  pasteboard  are  put  under  press  for  one  hour,  then  dried  separately 
in  the  shade,  and  put  again  in  the  press  for  one  hour,  before  they  become  tho- 
roughly dry. 

Paste  Flour  paste  is  made  best  of  rye  flour.  Sift  the  flour  and  mix  it  with 
«i  times  iis  weight  of  water ;  heat  it  gently,  stir  it,  and  let  it  boil  for  three- 
quarters  of  an  hour;  when  it  becomes  ropy,  pour  it  into  bowls,  and  pass  it 
through  a  sieve  before  it  is  quite  cold.  The  Hour  yields  7  times  its  weight  of 
paste.     Time  required  to  make  it,  one  hour  and  a  half. 

Starch  paste.  Mix  wheat  starch  with  twice  its  weight  of  water;  pour  it  grad- 
ually into  tit  times  its  weight  of  boiling  water,  and  let  it  boil  for  10  minutes,  stir- 
ring it  all  the  time;  then  proceed  as  before.  Starch  yields  8  times  its  weight  of 
paste.     Time  required,  1  hour. 

Paste  for  pasteboard.  Mix  the  flour  or  starch  with  12  times  its  weight  of 
water;  this  yields  9  times  the  weight  of  flour,  and  11  times  the  weight  of  starch. 

The  addition  of  1-loth  of  glue  makes  the  paste  fit  for  pasting  sheets  of  parch- 
ment together,  or  for  pasting  paper  on  wood.  Dissolve  the  glue  separately,  and 
pour  it  into  the  cold  water  with  which  the  flour  or  starch  is  mixed. 

These  different  kinds  of  paste  should  be  used  cold.  A  supply  for  not  more 
than  2  or  3  days  should  be  made  at  one  time,  but  it  may  be  preserved  longer  by 
adding  alum  in  the  proportion  of  2-10ths  of  the  weight  of  flour.  The  depreda- 
tions of  rats  may  be  prevented  by  dissolving  a  like  proportion  of  colocinth  in  the 
water  with  which  the  paste  is  made. 

Glue  should  be  hard,  dry,  transparent,  of  a  brownish  red  color,  and  free  from 
smell.  It  is  dissolved  in  its  own  weight  of  boiling  water.  A  glue  pot  with  a 
water  bath  should  be  used,  to  avoid  burning  the  glue. 
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Isinglass  Solution.  Dissolve  4  oz.  of  isinglass  in  3  pints  of  boiling  water ; 
it  is  used  sometimes  in  making  quick  match. 

Flannel,  Wildbore,  or  Serge,  for  cartridge  bags,  should  be  made  entirely  of 
wool — it  should  be  soft,  closely  woven,  and  not  frayed — the  width  should  be  even 
in  the  same  piece;  that  j  yard  wide  is  convenient  and  the  most  common — the 
colors  are  to  be  preferred  in  the  following  order:  green,  grey,  yellow,  blue,  red, 
white  ;  reject  black,  which  is  almost  always  burnt  and  weak.  Wildbore  and 
serge  are  to  be  preferred  to  flannel.  Fabrics  of  cotton  and  flax  are  not  used, 
because  the  powder  sifts  through  them,  and  they  are  more  apt  than  woollen  stuffs 
to  leave  fire  in  the  gun. 

Canvas.  Take  the  strongest  and  closest  woven  ;  used  for  sacks  for  fire  balls, 
bags  for  rolling  leaden  balls,  and  in  case  of  need,  for  shot  straps. 

Twine,  should  be  strong,  smooth,  and  well  twisted — 0.03  in.  thick  for  bund- 
ling cartridges,  etc.,  and  for  sewing  fire  balls — from  0.00  in.  to  0.08  in.,  for  fixing 
ammunition,  etc. 

Thread,  for  infantry  cartridges;  of  unbleached  flax,  two  strands,  strong  and 
even.  If  home-made,  it  should  be  gently  boiled  for  one  hour  in  a  weak  lye  and 
washed  in  pure  water.  Excellent  hemp  thread  is  obtained  from  the  manufacto- 
ries, more  even,  stronger  and  cheaper  than  the  home-made;  it  is  conveniently 
wound  in  balls,  and  may  be  used  without  spooling  it. 

Rope  should  be  even  and  well  twisted;  that  most  commonly  used  in  the  labo- 
ratory is  white  hemp  rope  from  1  in.  to  1 .5  in.  in  girth.     (See  Chap.  XIV.) 

Miscellaneous  Materials.  Spirits  of  turpentine,  rosin,  turpentine,  tar,  pitch 
(See  Chap.  XIV '),  petroleum,  beeswax,  lalloic,  are  used  in  compositions  for  lighting 
and  incendiary  purposes:  linseed  oil,  in  mixing  some  compositions,  and  gum 
arabic  in  others,  to  give  them  body  and  tenacity.  The  latter  retards  combustion  ; 
the  solution  should  be  prepared  as  it  is  wanted,  being  liable  to  spontaneous 
decomposition. 

Alcohol  (Spirits  of  Wine),  brandy  or  whiskey,  and  vinegar,  are  used  for  mixing 
compositions  in  which  saltpetre  enters,  because  that  salt  is  but  slightly  soluble 
in  those  liquids. 

Lamp  black  is  employed  to  give  a  train  of  rose  colored  fire  in  the  air;  common 
salt,  for  yellow  flames;  flint  glass,  in  powder  for  white  fires;  mica,  for  rose 
colored  sparks  ;  oxide  of  zinc,  for  blue  flames. 

Solutions  of  phosphate  of  ammonia  and  alum,  are  used  for  rendering  paper  and 
cloth  incombustible. 

Other  materials,  used  for  particular  purposes,  will  be  mentioned  under  their 
proper  heads. 
16 
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FLINTS. 

The  besl  flints  are  translucent,  with  a  smooth  surface,  of  a  uniform  tint  of 
light  yellow  or  brown  color,  and  slightly  conehoidal  fracture.  They  are  generally 
obtained  from  England  or  France. 

The  parts  of  a  flint  are:  the  edge  or  bevel,  the  bad-,  the  sides,  the  face,  slightly 
convex,  and  the  bed  or  lower  face,  slightly  concave;  in  using  the  Hint,  the  bevel 
is  placed  uppermost.  There  are  three  sizes  for  military  service ;  musket,  rifle, 
and  pistol  flints.  A  good  musket  flint  will  last  for  more  than  50  fires.  Flints  are 
issued  to  the  troops  in  the  proportion  of  1  flint  to  20  rounds. 


DIMENSIONS. 

MUSKET. 

KIFLE. 

PISTOL. 

Min.     Max. 

Min. 

Max. 

Min. 

Max. 

Width 

In. 

1.20 
1.0S 
0.26 
0.39 

In. 

1.50 
1.13 

0.33 
0.55 

In. 

0.97 
0.79 
0.20 
0.41 

In. 

1.20 
0.S8 
0.29 
0.71 

In. 

0.93 
0.83 
0.21 
0.30 

In. 

1.10 
0.92 

0.27 

0.42 

The  rifle  and  the  musketoon  take  the  same'flint.  In  the  inspection  of  flints, 
first  verify  their  dimensions  with  a  gauge,  giving  the  maximum  and  minimum 
dimensions;  see  that  the  bevel  is  free  from  spots  and  irregularities  of  surface, 
that  the  face  and  bed  are  nearly  parallel,  and  have  not  too  great  a  curvature. 


Packing  Flints. 

Flints  are  usually  packed,  for  sale,  in  large  casks,  or  in  barrels  about  the  size 
of  powder  barrels;  the  latter  will  hold  about  7,500  musket,  13,700  rifle,  and 
14,700  pistol  flints. 

In  service,  they  are  packed  in  boxes  of  the  following  dimensions  : 


Interior  dimensions  of  a  box. 

Flints  in  each  box. 

.bo       Ji 

KIND    OF    FLINTS. 

%  ■      ° 

j= 

_C 

15  = 

A 

u  °  3. 

2      « 

be 

o      o 

c 

o, 

O  a 

5 

o> 

H      ■*> 

J 

£ 

Q 

o 
o 

fe 

£ 

In. 

In. 

In. 

In. 

Lbs. 

Lbs. 

24 

11.8 

8.75 

2,415 

5,000 

Ill 

129 

Rifle 

24 

11.5 

4.75 

1,311 

5,000 

66 

82 

Pistol  

24 

11.5 

3.25 

897 

5,000 

42 

55 

FLINTS. 
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The  weights  vary  according  to  the  kind  of  flint,  the  black  and  inferior  kind 
being  the  heaviest. 

The  boxes  should  be  made  of  pine  boards  1  inch  thick,  planed  on  both  sides, 
and  dovetailed  at  the  corners.  The  length  and  width  of  all  flint  boxes  are  the 
same;  the  depth  is  only  varied  to  give  the  required  capacity  to  boxes  for  differ- 
ent descriptions  of  flints.  If  any  parcel  of  one  denomination  shall  be  found 
larger  or  smaller  than  usual,  the  depth  of  the  boxes  should  be  increased  or 
diminished  so  as  to  contain  them  conveniently.  A  rope  handle  (or  becket)  is  to 
be  inserted  in  each  end  of  the  box.  In  boxing  a  large  parcel,  it  will  not  be  neces- 
sary that  the  contents  of  each  box  should  be  actually  counted,  if  the  flints  are 
nearly  uniform  in  size;  after  counting  out  accurately  lour  or  five  parcels  of  5,000 
each,  from  any  cask,  let  each  be  separately  weighed,  and  take  the  mean  weight 
of  the  counted  parcels  as  the  basis  for  determining  the  quantity  lor  each  box, 
when  taken  from  the  same  cask.  After  the  flints  are  placed  in  the  boxes,  all  the 
interstices  are  to  be  filled  with  dry  sand,  in  order  to  exclude  the  air  from  them 
as  much  as  possible;  and  for  the  same  purpose,  the  boxes  should  be  well  made, 
of  seasoned  wood,  and  with  close  joints.  Each  box  should  be  plainly  marked 
on  the  end  with  the  number  and  description  of  flints  contained  in  it,  and  with 
the  year  in  which  they  were  manufactured,  if  this  be  known;  if  not  known,  then 
with  the  year  in  which  they  were  procured. 

Flints  should  not  be  placed  in  the  upper  stories  of  a  building,  but  in  the  base- 
ment or  cellar,  where  the  air  is  damp  and  cool. 


CARTRIDGES  FOR  SMALL  ARMS. 


BALLS. 

CHARGES  OF  POWDER. 

c 

c 

_i 
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5 
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REMARKS. 


Perctts- 

SION. 


Musket 

Musketoon. . 
Hall's  carbine 

Rifle 

Pistol 


In. 

Grains 

Grains 

0.65 

17 

110 

64 

l-4th 

75 

0.65 

17 

75 

93 

l-5th 

75 

0.525 

32 

75 

93 

]-3d 

CO 

0.525 

32 

75 

93 

l-3d 

60 

0.525 

32 

30 

233 

l-7th 

30 

]  Musket. 
J  powder. 

}  Rifle, 
(powder. 


Buckshot  are  0.31  in.  in  diameter ;  weight,  about  150  or  155  to  1  lb. 
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Cartridges  are  made  either  with  tingle  hull,  1  ball  and  3  buckshot,  or  sometimes 
with  13  buckshot,  and  they  are  designated  accordingly. 


Making  Balls. 

To  Cast  Balls.  G  men  required  to  each  kettle;  2  to  cast  the  balls,  1  to  extract 
;iiid  roll,  and  3  to  trim  them. 

Tools  and  Utensils.  1  iron  kittle,  fixed  in  a  furnace  as  before  described — 3 
iron  ladles,  0.10  in.  thick,  3.5  in.  diameter,  with  a  lip  on  the  left  side  and  a  handle 
1-5  in.  long,  a  little  bent — 1  bench,  Of  4  in.  plank — 6  moulds  (brass),  with  double 
rows  for  6  or  8  balls  on  each  side,  or  for  S  balls  and  15  buckshot ;  placed  on  the 
bench— 1  mallet—  1  double  ball-gauge  j  the  diameter  of  one  ring  is  0.002  in.  greater 
than,  that  of  the  other  0.0015  less  than,  the  true  calibre  of  the  ball— 3  nippers \ 
one  arm  is  bent  and  fixed  in  the  bench,  the  other  is  about  5  in.  longer,  and  has  a 
wooden  handle;  the  jaws  are  of  steel,  two  inches  wide,  tempered  and  ground 
sharp;  they  may  be  so  formed  as  to  cut  the  gate  according  to  the  spherical  sur- 
face of  the  ball.  Under  the  jaws  of  the  nippers  is  a  hole  in  the  bench,  through 
which  the  balls  fall  into  boxen  placed  to  receive  them— 1  rolling  barrel,  2  feet  long 
and  1  foot  diameter,  made  of  hard,  thick  staves,  with  but  little  bilge,  and  hooped 
with  iron  :  it  has  a  small  scuttle  in  the  bilge,  with  hinges  and  a  hasp  and  staple  ; 
the  barrel  has  a  gudgeon  in  each  head,  and  is  turned  by  a  crank  in  a  frame  to 
which  a  hopper  may  be  attached.  Instead  of  the  rolling  barrel,  2  strong  eanvas 
bays  may  be  used;  they  should  be  5  feet  long  and  16  in.  in  diameter,  suspended 
horizontally  by  4  cords  attached  to  the  joists  of  the  building— 1  screen  (sheet 
iron),  the  holes  of  which  are  of  the  diameter  of  the  largest  calibre  gauge;  it  is 
supported  by  gudgeons  which  turn  in  a  frame,  or  in  the  tops  of  two  stakes  driven 
in  the  ground. 

Casting.  Weigh  the  lead;  fill  the  kettle  and  cover  it;  as  the  lead  melts  add 
more,  until  it  comes  within  3  inches  of  the  edges  of  the  kettle;  then  cover  it 
with  a  layer  of  powdered  charcoal  1  in.  thick  ;  push  the  heat  until  paper  in  con- 
tact with  the  lead  is  inflamed  by  it;  this  requires  from  1  to  2  hours. 

Immerse  the  ladle  and  fill  it  about  i  full  of  lead  covered  with  charcoal,  which 
is  kept  back  by  a  piece  of  wood,  in  running  the  lead  ;  fill  all  the  moulds  on  one 
side,  then  turn  them  and  fill  the  other  side;  the  first  castings  are  thrown  back 
into  the  kettle,  being  imperfect  from  the  moulds  being  cold;  the  diameter  of 
some  of  the  balls  is  verified  from  time  to  time,  with  the  gauges;  the  moulds  must 
be  carefully  cleaned  when  it  is  perceived  that  the  lend  sticks  to  them,  and  if  any 
moulds  give  imperfect  balls,  they  must  be  filled  with  copper. 

Extract  the  balls  and  trim  them  :  in  cutting,  the  ball  should  be  gently  pressed 
with  the  left  forefinger  against  the  nippers,  the  gate  being  placed  against  the 
jaws. 
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To  Smooth  the  Balls.  Put  100  lbs.  of  them  into  the  rolling  barrel,  and  roll 
them  for  3  minutes;  or  50  lbs.  into  a  bag  anil  shake  it  five  minutes;  then  run 
them  through  the  screen,  putting  in  50  lbs.  at  a  time  ;  those  which  remain  on  the 
screen  are  recast. 

With  the  above  force,  30,000  to  35,000  musket  balls  are  made  in  11  or  12 
hours. 

With  proper  care  in  observing  the  instructions,  100  lbs.  of  lead  will  give  from 
96  to  9S  lbs.  of  balls. 

Pressed  Balls.  Lead  balls  are  now  generally  made  by  compression,  by 
means  of  machinery,  either  at  the  arsenals  or  at  private  establishments.  These 
balls  are  more  uniform  in  size,  smoother  and  more  solid  than  the  cast  balls. 
Comjwes&ed  buckshot  are  also  readily  obtained  from  private  shot  works. 

Packing.  Balls  are  packed  in  boxes  made  of  1  in.  boards,  9  in  square  inside, 
and  5  in.  deep,  containing  100  lbs.  of  balls  or  buckshot;  they  should  be  marked 
on  one  end  with  the  weight  and  kind  of  balls,  the  place  and  date  of  fabrication; 
the  top  is  fastened  with  six  2-inch  screws,  and  the  boxes  must  be  hooped  with 
iron  for  transportation. 


Making  Cartridges. 


DIMENSIONS    OF    PAPER    FOR    CARTRIDGES. 


TRAPEZOIDS. 


i 

V 

-a 

t: 

TD 

bD 

tO 

g 

4) 

0 

o 

o 

PQ 

a 

•3 

m 

Musket 

Rifle  . . 
Pistol.  , 


("Single  ball,  or  ball    and   buck 

shot 

"I  Blank 

[  12  buckshot 

J  Ball 

1  Blank 

/Ball 

I  Blank 


In. 

16.5 

20 

16.5 

16.5 

20 

16.5 

20 


In. 

In. 

In. 

In. 

13 

4.33 

5.25 

3 

IS 

4 

4.75 

2.75 

13 

5.5 

5 

3 

13 

4 

4.25 

2.25 

15 

3 

4.25 

2.25 

13 

'2.15 

4.25 

2.25 

15 

2.5 

4.25 

2.25 

To  Cut  the  Paper.     1  Cutter.  1  assistant. 

Implements.     1  Cutting  board,  30  in.  square  ;  1  pattern,  of  hard  wood  or  iron, 
of  the  dimensions  of  each  of  the  papers;    1   rule,  of  hard  wood,  33  in.  long, 
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1.5   in.   wide,   and   0.5  in.  thick,  to  cut   by;  2  laboratory  (shoe)  knives;    2  sand 
stoves,  ior  sharpening  knives  on. 

The  paper  is  lirst  cut  into  strips  of  a  width  equal  to  the  length  of  a  trapezoid, 
and  then  into  ;rapezoids,  by  means  of  the  patterns.  Cut  about  12  sheets  at  a 
time.  A  cutting  machine,  like  that  used  by  bookbinders,  facilitates  the  opera- 
tion when  many  hands  are  employed. 

To  make  the  Cylinders.  1  master;  10  men  to  roll  the  cylinders;  1  to  fill 
tin-in  ;  1  to  fold  ;  4  to  bundle.  Boys  or  girls  from  12  to  IS  years  of  age  may  be 
advantageously  employed. 

Implements  and  utensils,  for  each  workman  lor  making  cylinders.  2  borei.  for 
the  empty  cylinders,  made  of  ^  in.  boards  ;  interior  dimensions,  20  in.  long.  8  in. 
wide,  and  5  in.  high,  without  a  cover;  they  are  placed  upon  the  sides,  facing 
the  front  of  the  cartridge  table,  which  is  furnished  with  brackets  to  receive 
them,  and  also  with  a  small  enclosure  or  locker  for  balls  at  the  right  hand  of 
each  workman  ;  1  spool  of  thread,  turning  on  a  vertical  iron  spindle  fixed  in  the 
table  near  the  shot  locker.  1  lb.  of  thread  is  required  for  10,000  single  ball  mus- 
ket cartridges,  being  H\  inches  to  a  cartridge;  1  choking  string,  made  by  twisting 
together  4  or  5  cartridge  threads  ;  fastened  to  the  edge  of  the  table,  at  the  right 
hand  of  the  workman.  1  pair  of  scissors,  to  cut  the  thread  ;  1  former,  cylindrical, 
of  hard  wood,  of  the  same  diameter  as  the  ball;  one  end  convex,  the  other  con- 
cave, to  receive  one-third  of  the  ball  ;  length,  <>  or  7  inches. 

Take  the  paper  in  the  left  hand,  the  former  in  the  right ;  lay  the  paper  on  the 
table,  with  the  side  perpendicular  to  the  bases  toward  the  workman,  the  broad 
end  to  the  left;  place  the  former  with  its  convex  end  at  the  broad  end  of  the 
paper;  turn  it  so  as  to  envelop  it  with  the  paper,  then  with  the  right  hand  laid  flat 
upon  the  paper,  roll  all  the  paper  upon  the  former;  seize  it  with  the  left  hand, 
and.  with  the  choking  string  in  the  right  hand,  lake  one  turn  around  the  cylinder 
at  about  half  an  inch  from  the  end,  to  which  distance  the  end  of  the  former  is 
withdrawn;  hold  the  former  firmly  in  the  left  hand,  and  draw  gently  upon  the 
choking  string,  pressing,  at  the  same  time,  with  the  left  fore  finger,  upon  the 
projecting  end  of  the  cylinder,  thus  folding  it  neatly  down  upon  the  end  of 
the  former.  Having  choked  the  cylinder,  carry  it  to  the  right  side,  and,  with  the 
twine  in  the  right  hand,  take  two  turns  and  a  half  hitch  firmly  around  the  part 
that  has  been  choked;  withdraw  the  former  and  introduce  the  ball,  following  it 
to  the  end  of  the  cylinder  with  the  former  reversed  ;  raise  the  whole  again,  and, 
with  the  same  thread  (which  is  never  cut  until  the  cartridge  is  finished),  take 
two  half  hitches  just  upon  the  upper  side  of  the  ball,  between  it  and  the  concave 
end  of  the  former.  The  operation  is  expedited  by  rolling  the  ball  placed  in  the 
concave  end  of  the  former  and  choking  the  paper  over  it.  Cut  the  thread  and 
place  the  cartridge  in  the  box  which  stands  fronting  the  workman. 

For  Ball  and  Buckshot  Cartridges.  Roll  and  choke  the  paper  ;  put  in  3  buck- 
shot; follow  them  with  the  former,  and  take  a  half  hitch  of  thread  over  them; 
then  insert  the  ball  as  before. 
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Buckshot  Cartridges  have  4  tiers  of  3  buckshot  each,  inserted  like  the  first, 
with  a  half  hitch  between  them,  and  finishing  with  a  double  hitch. 

For  rifles,  the  ball  is  prepared  by  being  enveloped  in  a  square  piece  of  fine 
muslin,  or  of  soft  thin  leather,  or  of  bladder,  tied  over  it  and  leaving  a  projecting 
end  about  J  in.  long,  which,  after  being  trimmed  with  scissors,  is  introduced 
into  the  paper  cylinder,  which  is  choked  ever  it  and  fastened  by  two  turns  and  a 
double  hitch. 

1,000  patches  require  about  4  yards  of  muslin. 

Cylinders  for  blank  cartridges  are  made  by  folding  down  the  paper  over  the 
concave  end  of  the  charger,  touching  the  fold  with  a  little  paste,  and  pressing  it 
on  a  ball  imbedded  in  the  table  for  that  purpose. 

To  fill  the  Cylinders.     1  man  to  fill,  4  to  fold,  4  to  bundle. 

Implements  and  utensils.      1  large  copper  pan,  for  powder. 

1  charger  for  each  kind  of  cartridge,  made  of  thin  copper,  with  a  handle  at 
the  top.     The  chargers  are  conical: 


Dimensions  of  chargers. 


110  grs. 


75  grs. 


30  grs. 


Diameter  .  \  ,    .."'*' 
I  bottom 


Height 


In. 


0.7 
0.5 


1.25 


In. 


0.5 
0.4 


0.85 


1  Funnel,  copper,  of  the  following  interior  dimensions 


In. 
1.75 


.„.  rr         ,    (superior 1-7 

Diameter  of  funnel,  <  ■   }■    ■  .  n  <s 

'  (  interior "•<? 

Diameter  of  pipe 0,J 

Height  of  funnel 1« 

Length  of  pipe 1-25 

The  funnel  has  a  ring  handle  0.6  in.  diameter. 

A  charger,  for  filling  cartridges  much  more  expeditiously,  is  made  by  attaching 
to  a  large  brass  funnel  two  charging  cylinders  which  communicate  with  one  dis- 
charging pipe  at  the  lower  end.  These  cylinders  are  alternately  filled  and 
emptied  by  a  reciprocating  motion  of  the  funnel  pipe. 

1  folding  box  for  each  calibre,  made  with  only  two  sides;  width  equal  to  5 
times  the  diameter  of  the  ball,  height  equal  to  twice  that  diameter.  Two  strips 
of  wood  nailed  on  the  table  will  answer  the  same  purpose  more  conveniently. 

Take  the  boxes  full  of  cartridge  cylinders  to  the  table  in  the  filling  room  ;  as 
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they  are  filled,  incline  the  cylinders  over  from  the  empty  ones;  when  all  in  one 
box  are  full,  fold  the  paper  down  over  the  powder  by  two  rectangular  folds,  and 
place  thc>  cartridges  before  the  men  who  are  to  bundle  them. 

Bundling.     Put  a  wrapper  in  the  folding  box,  and  place  in  it  2  tiers  of  5  car- 

each,   parallel  to  each  other  and  to  the  short  sides  of  the  wrapper,  the 

balls   alternating;    wrap  the   cartridges,  whilst   in   the   folding  box,   by   folding 

the  paper  over  them  ;  tie  them,  first  in  the  direction  of  the  length,  then  of  the 

breadth,  with  a  bit  of  twine  fastened  in  a  single  flat  knot. 

A  package  of  12  percussion  caps  is  placed  in  each  bundle  of  10  cartridges,  at 
the  end  of  the  bundle. 

The  case  for  the  caps  is  made  like  a  cylinder  for  a  rifle  cartridge;  it  is  choked 
at  one  end  and  tied;  when  the  caps  are  inserted  it  is  folded  like  a  cartridge. 


Dimensions  of  Bundles  of  Percussion  Cartridges. 


KIND    OF    CARTRIDGE. 


Length 
(height  of 
cartridge). 


Breadth. 


Thickness 


Musket 


Musketoon  .. . 

Rifle 

Hall's  Carbine 
Pistol 


f  Ball 

J  Buck  and  ball 
]  Buck  shot .. . 

I  Blank 

("Ball 

j  Buck  and  ball 
1  Buck  shot  .. . 

|  Blank 

(Ball 

j  Blank 

J  Hall 

j  Blank 

(Ball 

1  Blank 


In. 

2.6 

2.90 

3.1 

1.S3 

2.5 

2. IS 

2.43 

1.39 

3. 

1.9 

2.1 

1.58 

2. 

1.12 


In. 

3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
2.6 
2.0 
2.6 
2.6 
2.6 
2.6 


In 

1.35 
1.35 
1.35 
1.35 
1.35 
1.35 
1.35 
1.35 
1.15 
1.15 
1.15 
1.15 
1.15 
1.15 
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Wrapping  pnper  is  but  slightly  sized,  with  a  view  to  its  being  immerse  J,  before 
using  it,  in  a  varnish  made  of  beeswax,  linseed  oil  and  spirits  turpentine,  for  the 
purpose  of  making  the  paper  water-proof. — See  Chapter  VII. 
1.000  lbs.  of  paper  require  : 

Beeswax , 133  lbs. 

Spirits  of  turpentine 135  gallons. 

Linseed  oil 10  gallons. 

With  the  above-mentioned  force,  10,000  musket  cartridges  are  made  and  bun- 
dled in  10  hours,  being  1,000  for  each  maker  of  cylinders. 


Packing  Cartridges. 

Ball  cartridges  are  packed  in  boxes  to  contain  1,000  each.     Blank  cartridges 
may  be  packed  in  powder  barrels. 


Interior  dimensions  of  packing  boxes  for  1,000  Percussion 
Cartridges. 


KIND. 

Depth. 

Length. 

Width. 

WEIGHT. 

Empty. 

Packed. 

In. 

6.75 
6.75 
5.75 
5.75 
5.75 

In. 

15.5 

15.5 

13. 

13. 

13. 

In. 

11.75 

9. 

11.5 
11. 

8. 

Lbs. 

12. 

11.75 

11. 

9. 

7. 

107 

100 

Rifle,  ball 

60 

55 

Pistol,  ball 

45 

The  boxes  are  made  of  1  in.  white  pine  boards,  and  are  furnished  with  wood- 
en brackets  or  handles,  nailed  to  the  ends  ;  the  lids  fastened  with  four  If  in. 
screws.  They  are  painted  olive  color.  The  kegs  or  boxes  should  be  lined  with 
strong  water-proof  paper,  and  the  bundles  of  cartridges  must  be  closely  packed, 
so  as  not  to  shake  in  transportation.  Each  keg  or  box  should  be  marked,  on 
both  ends,  with  the  number  and  kind  of  cartridges  ;  on  the  inside  of  the  cover, 
with  the  place  and  date  of  fabrication. 
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AMMUNITION  FOR  FIELD  PIECES.— Plate  17. 

The  charges  of  powder  are  contained  in  cartridge  bags. 

The  projectile  is  attached  to  a  block  of  wood  calied  a  sabot. 

For  the  guns  and  the.  12-pounder  howitzer,  the  cartridge  and  the  projectile  are 
attached  to  the  same  sabot,  making  together  a  round  of  fixed  ammunition. 

For  32  and  21  -pounder  howitzers, the  projectile  is  separate  from  the  charge,  and 
the  cartridge  is  attached  to  a  block  of  wood,  called  a  cartridge  block. 


Charges  of  Powder. 


FOR 

GUNS. 

FOB    HOWITZERS. 

KIND. 

12-pdr. 

G-pdr. 

32-pdr. 

24-pdr. 

12-pdr. 

Lbs. 

2.5 
2. 

Lbs. 

1.25 
1. 

Lbs. 

2.5 
2.5 
3.25 

Lbs. 

2. 
2. 
2.5 

Lbs. 

For  spherical  case  or  canister. . . 
For  shells,  j  Small  charge 

1. 

Cartridge  Bags. 

The  best  materials  for  cartridge  bags  are  wildbore,  merino  and  bombazette. 
The  Stuff  should  be  composed  entirely  of  wool,  free  from  any  mixture  of  thread 
or  cotton,  and  of  sufficiently  close  texture  to  prevent  the  powder  from  sifting 
through  ;  that  which  is  not  twilled  is  to  be  preferred.  Flannel  is  used  when  the 
other  materials  cannot  be  conveniently  obtained. 

Making  Cartridge  Bags.  A  cartridge  bag  for  field  service  is  made  of  a  rec- 
tangle  which  forms  the  cylinder,  and  a  circular  piece  which  forms  the  bottom. 


DIMENSIONS. 


Length  of  rectangle  (cylinder  de 

veloped) 

Height 

Diameter  of  bottom 


12  p'lr.  ltuii  : 

■az  &  2£pdr. 
imu  Users. 


In. 

14.2 
10. 

5.25 


B-pdr.  gnu, 

and  12-pdr. 

howitzer. 


In. 

11.4 

7.25 
4.37 


REMARKS. 


1  in.  allowed  for  seam. 
0.5  in.      do.         do. 
1  in.  do.         do. 
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The  length  of  the  rectangle  (development  of  the  cylinder)  should  be  taken 
in  the  direction  of  the  length  of  the  stuff,  as  it  does  not  stretch  in  that  direction. 

One  hundred  12-pounder  cartridge  bags  require  about  27  yards  of  stuff' of 
single  width  (22  inches). 

One  hundred  6-pounder  bags  take  about  15  yards. 

Implements.  Tables — patterns,  of  hard,  well  seasoned  wood,  or  of  sheet  iron 
or  tin  for  the  rectangles  and  buttons — scissors — chalk,  or  colored  crayons. 

A  marker  and  his  assistant  spread  a  piece  of  stuff"  on  a  table,  and  with  the 
patterns  trace  out  the  rectangles  and  bottoms;  a  cutter  follows  and  cuts  them 
out  with  scissors. 

Sirring.  The  bags  are  sewed  with  woollen  yarn,  with  12  stitches  to  an  inch; 
they  are  stitched  within  half  an  inch  of  each  edge,  and  the  two  edges  of  the 
seam  are  turned  down  on  the  same  side  and  basted,  to  prevent  the  powder 
from  sifting  through;  the  edges  of  the  bottom  are  basted  down  upon  the  sides. 
Bags  for  fixed  ammunition  are  sewed  to  within  3  in.  of  the  mouth,  for  12-pdrs. ; 
to  within  2.75  in.,  for  G-pdrs.;  all  others,  up  to  the  mouth. 

Cartridge  bags,  when  tilled,  should  pass  through  the  small  shot  gauge  of  their 
calibre  ;  those  used  for  patterns  should  be  thus  verified.  The  empty  bags 
should  be  measured  by  laying  the  bag,  flattened  out,  between  two  marks  on  a 
table,  showing  the  width  of  the  pattern  bag;  a  variation  of  0. 1  in.  greater  or  less 
is  allowed.     Reject  those  sewed  with  too  large  stitches. 

Bags  for  immediate  use,  or  for  blank  cartridges,  may  be  formed  by  sewing 
together  two  rectangular  pieces  with  semicircular  ends  ;  the  stuff"  is  marked,  for 
cutting  and  sewing,  with  stamps  of  the  following  dimensions  : 


stamps, 


for  cutting,  ( J™*  •:••:•:. :■•••• •  •  • 

°'     (  Length,  including  semicircular  ends. 


for  sewing,    f  W-dlh  ...  ------ 

p'     (  Length,  including; 


semicircular  ends. 


12-pdr. 

In. 

7.6 
10.5 

6.6 
10. 


6-pdr. 


In. 

6. 

S.5 

5.2 


These  stamps  are  made  of  1  in.  boards  of  the  dimensions  of  the  cutting 
stamp,  with  a  handle  in  the  middle  of  one  side  ;  to  the  edges  of  the  board  is  fast- 
ened a  strip  of  tin  or  copper,  projecting  about  j  in.  on  the  side  opposite  to  the 
handle;  another  strip  is  inserted  in  like  manner  in  a  groove  parallel  to  the  edges 
of  the  board,  at  the  distance  indicated  for  the  sewing  stamp  ;  the  edges  of  these 
strips  are  made  rough,  to  retain  the  chalk  or  paste  used  for  marking. 

Packing.  Cartridge  bags  are  preserved  from  moths  by  being  packed  with 
pounded  camphor  and  black  pepper,  or  dipped  in  water  with  arsenic  dissolved 
in  it.     Or,  they  may  be  sealed   up,  in   bundles  of  50,  in  cases  made  of  cartridge 
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paper,  carefully  closed  with  strips  of  tliin   paper   pasted  over  the  senilis.     Each 
bundle  is  marked  with  the  number  and  kind  of  bags. 

They  may  be   preserved   from    moisture  by  being  enveloped  in  water-prool 
paper,  as  above  recommended  for  cartridges  for  small  arms. 


Cartridge  Blocks. — Plate  17. 

Cartridge  blocks  are  cylinders  of  wood  to  which  the  cartridges  of  howitzer* 
are  attached,  to  give  them  a  better  finish,  and  to  increase  the  length  of  the  smaller 
charges,  so  that  they  may  iill  the  chamber  of  the  piece,  and  may  be  less  apt  to 
turn  in  the  bore. 

They  are  made  of  poplar,  linden,  or  other  soft  wood. 


DIMENSIONS. 


Diameter 

Height 

Distance   from   middle   of 
to  bottom  of  block 


32-PDR.  HOWITZER. 


Small 
charge. 


In. 

4.15 
2. 

0.4 


Width  of  groove ; Q.3 


Depth  of  groove 0.15 


Large 
charge. 


In. 

4.15 
0.75 

0.375 

0.3 
0.15 


24-PDR.  HOWITZER. 


Small 
charge. 


In. 

4.15 
1. 

0.4 

0.3 
0.15 


Large 
charge. 


In. 

4.15 
0.5 

0.25 

0.3 
0.15 


Sabots.— P\i\{Q  17. 

Sabots  are  made  of  poplar,  linden,  or  other  light,  close-grained  wood  ;  the  stuff 
should  be  clear  of  knots  and  splits,  and  it  must  be  well  seasoned. 

Sabots  for  shot  and  spherical  case,  for  guns,  have  one  groove  for  attaching  the 
cartridge— those  for  gun  canisters,  and  for  the  12-pdr.  howitzer  shells,  spherical 
case  and  canisters,  have  two  grooves.  These  grooves  are  .3  in.  wide  and  .15  in. 
deep.     The  corners  of  the  grooves  and  bottom  are  slightly  rounded. 

Sabots  for  the  32  and  24-pdr.  howitzers  have  no  grooves  ;  they  are  furnished 
with  handles,  made  of  cord  about  .15  in.  thick,  passing  through  two  holes  in  the 
sabots,  .25  in.  diameter,  and  fastened  by  knots  countersunk  on  the  inside. 

The  dimensions  of  finished  sabots  are  verified  with  appropriate  gauges. 
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DIMENSIONS  OF  SABOTS. 


Whole  height 

Greatest  diameter 

Diameter  of  bottom  of  conical  part 

Height  of  conical  part 

Diameter  al  bottom  of  sabot 

(Xvity for todl.     -j  h.'ilus.f    urv.tur; 

Height  of  cylinder  for  tin 

Diameter  of  do 

Distance  from  middle  of  lower  groove  to] 

bottom  of  sabot I 

Distance  between  centres  of  grooves 

Distance  between  holes  for  handles 

Length  of  hole  tor  handle 


12-rr.R. 

OUN. 


4.16 
1.6 
2.26 


0.4 


2.25 
4.62 


6-PDR. 
GUN. 


0.4 


2.28 

:;.:,s 


0.5 
3.63 


o.s 


32-PDK. 

HOWITZ'R 


In. 

4.7.-1 
6.24 

4.:, 

4. 

4.:. 


0.7:. 
6.19 


24-pr>R. 

HOWITZ'R 


In. 

2.4 
5.3 
4.6 

2.4 

4.6 

l.o 
2.«4 


4.4o 
5.6S 
4.6 
3.75 

4.0 


o.7 
5.63 


12-PDR. 

howitz'r 


ti 

*  i 

9 

~  - 

s 

'■' 

U 

In. 

In. 

3.2 

4.45 

4.27 

4.52 

3.6 

3.6 

2. 

2.75 

3.2 

3.2 

1.8 

2.26 

0.5 

4.47 

0.4 

0.4 

0.5 

0.5 

Straps. 

Straps  are  made  of  sheet  tin  ;  they  are  cut  with  shears  and  straightened  with  a 
wooden  mallet,  upon  a  block  of  lead. 

For  shot,  there  are  two  straps  crossing  at  right  angles,  one  passing  through  a 
slit  in  the  middle  of  the  other.  For  shells,  there  are  Tour  straps  soldered  to  a 
ring  of  tin,  or  fastened  to  it  by  cutting  4  slits  in  the  ring,  into  which  the  upper 
ends  of  the  strap  are  hooked  and  turned  down  on  the  inside  of  the  ring. 


DIMENSIONS. 


Width. 
Length 


r>     „„        f  Exterior  diameter. 
Kings  . .  {  T  .  , 

(  Interior         do 


FOR  SHOT. 


12-pdr    6-pdr 


In. 

0.45 
12.75 


In. 

0.35 
10. 


FOR  SHELLS  AND  SPH.  CASE. 


32-pdr  24-pdr  12-pdr  G-pdr 


In. 

0.6 
10.5 

2.3 
1.2 


In. 

0.55 
9.00 

2.3 

1.15 


In. 

0.45 
7.50 

2.3 
1.15 


In. 

0.35 
5.5 

2.3 
1.15 


Strapping  Shot  and  Shells. 

Utensils   and  Implements.     1   bench — 2  pans,  containing  nails  0.55  in.  long, 
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with  strong  flat  heads  0.2  in.  diameter — boxes  and  barrels,  for  straps  and  sabots — 
1  hammers,  for  strapping — 1  common  hammer — I  punches — shot  gauges  of  each 
calibre— 1  gauge  for  each  calibre,  0.04  in.  greater  than  the  largest  shot  gauge, 
through  which  the  shot  should  pass  after  it  is  strapped—  ton-  or  rags,  for  wiping 
ball^ — l  wheelbarrow — 1  tarpaulin,  if  the  shop  has  not  a  plank  floor. 

A  helper  knocks  off  the  scales  from  the  balls  with  a  hammer,  cleans  and  dries 
the  interior  of  the  shells,  if  requisite,  wipes  the  balls,  and  gauges  them  both 
before  and  after  they  are  strapped.  The  workman  inserts  the  roughest  part  of 
the  shot  in  the  cavity  of  the  sabot,  and  strikes  a  few  blows  on  the  bottom  of  the 
sabot  to  make  the  shot  enter;  he  can  tell  by  the  sound  if  the  shot  touches  the 
bottom  of  the  cavity  j  if  it  does  not  touch,  he  tries  another  sabot.  With  the  edge 
of  the  hammer  he  bends  one  end  of  the  strap  which  is  not  slit  into  the  groove  of 
the  sabot,  punches  and  nails  it;  he  fastens  the  other  end  in  the  same  manner, 
cutting  off  the  superfluous  length;  he  then  nails  the  other  strap,  and  with  his 
hammer  sets  them  both  in.  close  to  the  ball,  at  the  top  of  the  sabot. 

The  sabots  for  32  and  24-pounder  field  howitzers  having  no  groove,  each  strap 
is  fastened  by  one  nail  on  the  side  and  2  under  the  bottom  of  the  sabot.  Two 
men  can  strap,  in  10  hours,  130  shot,  or  75  shells,  cutting  the  tin  from  the  sheet, 

If  tin  or  sheet  iron  cannot  be  procured,  straps  may  be  made  ot  strong  canvas. 
1  inch  wide,  sewed  at  the  point  of  crossing.  The  part  of  the  ball  which  is  to  be 
inserted  in  the  sabot  is  dipped  in  glue  ;  the  straps  are  also  glued  to  the  ball;  the 
ends  are  doubled  into  the  groove  and  secured  by  two  nails  in  each  end.  Another 
method  is  to  wrap  round  the  ball  a  band  of  canvass  1  inch  wide,  one  half  of  which 
is  glued  to  the  ball,  the  other  to  the  sabot;  or,  the  shot  may  be  kept  in  place  by 
merely  tying  the  cartridge  bag  over  the  top  of  it. 

Fuze  Plugs. — Plate  17. 

The  fuzes  for  field  shells  and  spherical  case  are  inserted,  at  the  moment  of 
loading  the  gun,  into  wooden  fuze  plugs,  previously  driven  into  the  shells. 

These  plugs  are  made  of  beech,  perfectly  seasoned  and  dried,  so  that  they  may 
not  shrink  after  they  are  driven. 


DIMENSIONS. 


Exterior  diameter.  [JJJgttm 

,   .  ,.  f  at  top  . . . 

Interior  d.ameter..  J  atbo'uom 

Height 


For32-pdr. 

spherical 

case. 


In. 
1.25 
1.025 

0.50 

0.425 

1.5 


For  other 

shells  and 

spherical 

cases. 


In. 
0.95 
0.75 

0.50 
0.4325 

1.35 


KE.MARKS. 


Exterior  taper  .15   in. 
to  1  in. 

Interior  taper  .05  in.  to 
1  in. 
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Charging  Shells. 


Cn.VRGES. 


to  fill  the  shell 

Powder    )  to  burst  the  shell 

required.  J  to  blow  out  the  fuze  plug 

fiir  service  charge.. . . 


32-pdr.      24-pdr.      12-pdr.  remarks 


Lbs.   oz. 

1  5 

0  11 

0  2 

1 


Lbs.  oz. 

1 

0  8 
0        2 

0  12 


Rifle  or  musket 
powder  is  used 
in  preference  to 
cannon  powder. 


Materials.      Rifle  or  musket  powder — Fuze  pings. 

Implements.  1  Funnel — Powder  measures,  to  hold  the  required  charges — ] 
small  mallet — 1  Fuze  plug  reamer. 

The  shells  having  been  properly  cleaned  and  dried,  and  attached  to  the  sabots, 
pour  in  the  charge  of  powder;  drive  in  the  fuze  plug  with  the  mallet,  until  the 
top  of  it  is  within  .1  in.  of  the  surface  of  the  shell  ;  be  careful  that  the  plug  is  not 
split  in  driving.  Ream  out  the  fuze  hole  in  the  plug,  with  a  careful,  steady  hand ; 
if  the  hole  is  properly  reamed,  the  fuze  will  project  about  .1"),  when  pressed  in 
with  the  thumb.  Slop  up  the  hold  in  the  fuze  plug,  by  inserting  a  wad  of  dry 
tow,  which  should  be  pressed  in  firmly  with  a  round  stick. 

Spherical  Case  Shot. 


Number  of  musket  balls 

Bursting  charge  of  powder,    oz. 

Weight  of  shot  loaded lbs 


8-in. 

42 

32 

24 

IS 
120 

12 

78 

4S6 

30G 

225 

175 

15 

9 

8 

6 

5 

4.5 

59.5 

39. 

30.13 

22.75 

16.3 

11. 

38 
2.5 
2.5 


The  shot  having  been  cleaned  and  strapped  to  the  sabot,  put  in  the  balls.  In 
order  to  get  in  the  whole  number  of  balls,  it  is  sometimes  necessary,  when  the 
shell  is  nearly  full,  to  push  the  upper  balls  aside,  with  the  finger,  or  with  a  slick. 
Pour  in  the  charge  of  powder,  shaking  it  down  among  the  balls.  Insert  the  fuze 
plug,  ream  out  the  hole  and  stop  it  with  tow,  in  the  same  manner  as  for  common 
shells. 

Canisters. — Plate  17. 

A  canister  for  field  service  consists  of  a  tin  cylinder  attached  to  a  sabot  and  filled 
with  cast  iron  shot.     For  the  dimensions  of  Canister  Shot,  see  Chap.  II. 

To  form  (he  cylinder,  the  tin  is  lapped,  from  .3  to  .5  in.  and  soldered.  The  cylin- 
der is  fastened  to  sabot  with  6  or  8  nails  .5  in.  to  .75  in.  long.  A  plate  of  rolled 
iron  is  placed  on  the  sabot,  and  the  canister  is  closed  with  a  sheet  iron  cover; 
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the  top  of  the  cylinder  is  cut  into  strips  .4  in.  to  .5  in.  long,  and  turned  down  over 
the  cover. 

The  tin  is  .02  in.  to  .025  in.  thick.     (Double  tin.) 


DIMENSIONS  OF  CANISTERS. 


Length  of  tin  for  cylinder  (developed) 

1  In-lit  of  do  

Interior  diameter  of  cylinder 

Diameter  of  plates  for  bottom  and  cover  . . . 

Thickness  ol  bottom  plate 

Thickness  ol"  sheet  iron  cover 

Height  of  finished  canister,  including  sabot. 

Number  of  tiers  of  shot 

Number  of  shot  in  each  of  3  lower  tiers  . . . 

Number  of  shot  in  4th  tier 

Whole  number  of  shot 

Weitrhl  of  finished  canister 


FOR 

SUNS. 

FOR 

iiowitz 

12 

6 

32 

24 

In. 

In. 

In. 

In. 

14.40 

11.5 

20. 

l^.:; 

6.65 

5.4 

7.1 

6.3 

4.45 

3.53 

6.19 

5.63 

4.40 

3.4>- 

6.14 

r,.^ 

0.25 

0.25 

0.25 

0.25 

0.07 

0.07 

0.10 

0.10 

8. 

6.75 

10.5 

9.55 

4 

4 

4 

4 

7 

7 

12 

12 

6 

6 

12 

12 

27 

27 

48 

48 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

14.8 

7.32 

28.5 

'21.'.'.'. 

12 


In. 
14.4 
5.2 
4.45 

1.  in 
0.25 
0.07 
8.75 

4 

12 
12 
48 

Lbs. 

10.8 


A  variation  of  0.05  in.  more  or  less,  is  allowed  in  the  diameter  of  the  iron 
bottom. 

The  exterior  diameter  of  each  canister  must  be  verified  with  the  maximum 
shot  gauge  of  the  calibre,  and  the  interior,  with  a  cylinder  of  a  diameter  0.02  in. 
less  than  that  given  in  the  table,  which  should  enter  the  canister,  otherwise  it  is 
rejected. 

Before  filling  the  canister,  dip  the  tin  cylinder  into  a  lacker  of  bees-wax  dis- 
solved in  spirits  of  turpentine,  to  prevent  it  from  rusting.  Coat  the  balls  and 
the  plates  with  paint  or  coal  tar. 

Filling  Canisters.  Place  the  caniste  rupright  on  a  bench  ;  insert  the  iron 
bottom  and  place  it  Hat  on  the  sabot  ;  put  in  a  tier  of  balls,  fill  the  interstices  with 
dry  sifted  saw  dust,  pack  it  with  a  pointed  stick  so  that  the  balls  will  hold  by 
themselves,  and  throw  out  the  loose  sawdust;  place  another  tier  of  balls  and 
proceed  in  the  same  manner  until  the  canister  is  filled  ;  cover  the  upper  tier  with 
saw  dust ;  put  on  the  cover,  and  on  it  place  one  of  the  iron  bottoms  furnished 
with  a  handle,  and  strike  it  with  a  small  mallet  in  order  to  compress  the  saw 
dust ;  then  remove  this  bottom  and  turn  down  the  slit  pieces  of  the  canister  over 
the  cover,  with  a  hammer.  When  the  canister  is  finished,  verify  its  diameter 
with  the  maximum  shot  gauge  of  the  same  calibre. 
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Cylindi  rs  mid  Caps. 

For  the  greater  security  of  field  ammunition,  the  cartridges  are  covered  with 
paper  cylinders  and  caps.  The  cap  is  drawn  oh"  at  the  moment  of  loading  the 
piece,  and  in  using  solid  shot  it  may  lie  placed  over  the  shot,  to  diminish  the 
windage.  A  cylinder  and  a  cap  are  formed  together  by  folding  the  paper  over  a 
former,  which  allows  a  lap  of  about  0.75  inch  for  pasting.  The  requisite  length 
tor  the  cylinder  is  cut  oil*  from  the  smaller  end;  the  rest  from  the  cap,  which  is 
choked  at  the  end  from  which  the  cylinder  is  cut. 


DIMENSIONS. 


Paper  for  a  cylinder  f  Length  developed  . , 
and  a  cap.  (  Height 


it    •   i.     c       ri        f  For    arge  charge. 
Height  of  cylinder.  \  „  u    i 

3  tor  small  charge. 


f  Length    (exclusive  of 

,^     _  c  i-  handle) 

rormers   for    cvbn-     ,,..  ... 

i  i         J         s   \»  idth   at   upper  end.. 

ders  and  caps.        >  ,,r.  ,  .  '  ' 

1  VV  idth    at   lower  end. . 

Thickness 


Cylindrical  formers  f  Length.. . 
caps.  {  Diameter 


for  chokiiu 


FOR  GUNS. 

12 

6 

In. 

In. 

14.4 
12.5 

11.6 
11.5 

5. 
4. 

4. 
3.5 

15. 
6.71 
6.6 
0.15 

13. 
5.25 
5.17 
0.15; 

10. 
4.3 

10. 
3.3 

FOR    HOWITZERS. 


32  24 


In. 

14.4 
12. 

5.2.r 
5. 


In 

14.4 
10. 

3.5 
3. 


12 


In. 

11.6 


m 


The   choking  former  should   be  bored  through  the  axis  with  a  i  inch  hole,  to 
facilitate  drawing  off  the  cap;  one  end  is  rounded. 


Fixing  Ammunition. 

Implements  and  Utensils  :  Barrels  for  powder — ]  funnel — 1  set  of  pou-der 
measures — 1  straight  edge,  to  strike  the  measures  with — barreb — tubs,  formed  of 
barrels  sawed  in  two,  or  boxes  for  the  cartridge  bags — 2  tarpaulins — 2  benches — 
12  choking  sticks,  0  with  holes  in  them  and  6  slit — 0  knives — 6  handbarrows,  with 
four  legs  and  a  box,  and  tarpaulins  to  cover  them — calibre  gauges,  for  the  car- 
tridge bags  and  for  fixed  ammunition;  they  maybe  made  of  wood — 6  stools — 1 
vheelbarrow — 1  mallet — 1  copper  chisel — 1  copper  drift,  or  a  wrench,  to  open  pow- 
der barrels. 

For  dimensions  of  powder  measures,  see  page  235. 

Fixing  shot,  or  spherical  case,  for  field  guns.  The  bags  should  be  filled  in  the 
17 
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small  magazine,  or  filling  room,  and  carried,  after  being  shaken  and  gauged, 
to  the  finishing  room.  One  of  the  gaugers  takes  a  filled  bag  with  one  hand, 
squeezing  the  bag  upon  the  powder;  he  strikes  with  the  other  hand  on  the  top 

and  bottom  of  the  bag,  twisting  the  month  of  the  bag  down  upon  the  powder  Ht 
the  s.iine  time;  he  then  tries  it  with  the  small  gauge,  through  which  it  should 
pa>>  with  not  more  than  0.25  inch  play  ;  should  it  not  do  this,  the  bag  is  emptied 
and  rejected.  These  bags,  filled  and  gauged,  are  placed  upright  in  a  tub  or  box, 
ami  carried  by  the  gangers  into  the  finishing  room,  where  the  men  are  placed  in 
pairs,  sitting  astride  on  a  bench,  facing  each  other.  One  of  them  opens  a  bag  and 
levels  the  powder,  the  other  inserts  the  sabut  of  a  strapped  shot  square  upon  the 
powder  and  draws  up  the  end  of  the  bag  over  the  shot  ;  the  first  man  passes 
about  4  feet  of  twine  through  the  pierced  stick,  and  makes  two  turns  and  a 
double  hitch  with  the  end  at  the  top  of  the  sabot;  he  makes  a  knot  in  the  end  of 
the  twine,  inserts  it  into  the  slit  in  the  other  choking  stick,  and  tightens  the 
double  bitch  by  rolling  the  twine  on  the  sticks  and  bearing  upon  the  sabot;  he 
then  takes  out  the  end  of  the  twine  from  the  slit,  ties  it  in  a  hard  knot,  which  he 
tightens  with  the  assistance  of  the  choking  slick,  and  cuts  the  twine  oil"  near 
the  knot.  The  second  man  turns  down  the  mouth  of  the  bag  over  the  sabot  and 
the  first  makes  a  similar  tie  in  the  groove;  he  makes  another  tie  below  the  sabot, 
the  twine  being  lodged  between  it  and  the  powder,  to  prevent  the  latter  from 
sifting  in  between  the  bag  and  the  sabot;  he  then  runs  the  paper  cylinder  over 
the  cartridge  and  sabot,  leaving  about  2  inches  of  the  end  of  the  cartridge  un- 
covered, and  he  makes  a  tie,  similar  to  the  others,  in  the  groove  of  the  sabot, 
lie  now  holds  the  shot  in  the  left  hand  and  examines  it,  striking  the  sabot  with 
the  right  hand,  if  necessary,  to  bring  it  straight  ;  if  the  shot  is  properly  lixed,  the 
sabot  and  the  bag  will  be  on  the  same  axis  ;  the  seams  should  be  between  two 
straps,  and  the  knots  should  be  neither  on  the  seams  nor  on  the  straps. 

The  assistants  pass  the  cartridges  through  the  large  gauge,  which  is  0.04  inch 
larger  than  the  large  gauge  for  the  shot.  If  the  size  is  correct,  they  put  on  the 
paper  cap,  lay  the  cartridges  on  their  sides  in  the  box  of  the  handbarrow,  and 
carry  them  to  the  magazine.  Those  which  will  not  pass  through  the  gauge  are 
handed  back  to  the  fixers,  who  cut  the  strings  and   put  them  up  anew. 

Canisters  for  Field  guns  are  fixed  in  the  same  manner  as  shot,  except  that  the 
first  tie  is  made  in  the  upper  groove  of  the  sabot;  the  cylinder  is  tied  in  the  lower 
groove.     The  caps  must  be  cut  somewhat  shorter  than  those  for  shot  cartridges. 

For  the  Vl-pdr.  Field  howitzer:  The  shells,  spherical  case  and  canisters,  are 
fixed  in  the  same  manner  as  the  gun  canisters. 

For  the  Mountain  howitzer:  The  sabots  having  but  one  groove,  the  first  tie  is 
omitted,  and  the  cartridge  is  covered  with  a  cap  only. 

For  the  32 •pounder  and  24-poil nder  howitzers  :  The  cartridge  is  not  attached  to 
the  projectile.  The  cartridge  block  is  inserted  with  the  grooved  end  next  to  the 
powder,  and  a  lie  made  in  the  groove;  the  mouth  of  the  bag  is  then  turned 
down,  and  another  tie  is  made  between  the  cartridge  block  and  the  powder;  the 
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superfluous  part  of  the  bag  is  cut  off.  and  the  cartridge  is  covered  with  it--  cylin- 
der and  cap,  as  in  other  cases. 

When  the  shot  is  attached  to  the  sabot  by  a  single  band  ol  canvas,  or  when 
it  is  placet]  in  the  sabot  without  any  strap,  the  cartridge  bag  is  drawn  over  it  and 
tied  on  top;  lor  this  purpose,  the  bag  should  have  an  additional  length  ol  from 
2J  to  3  inches. 

When  sabots  cannot  be  obtained,  place  upon  the  powder  a  layer  of  tow  about 
0.2  in.  thick,  forming  a  bed  for  the  shot;  tie  the  bag  over  the  shot  and  around  the 
tOW  ;  the  bag  require  *  to  be  I  inch  longer  than  for  strapped  shot. 


Dimensions  and  w<:i<jht-<  of    Fixed  Ammunition. 


DIMENSIONS. 


Height  of  charge  of  pow-U  ch 

der,    including    cartridge  | 

blocks  for  32  and  24-pdr.  [SmaU   cl. 

howitzers J 

Height  of  strapped  shot  or  shell 

Height  of  canister  with  sabot 

f Shot  

Height  of  a  round  of  fixed  !  Shell 

ammunition,  with  cap...  j  Spherical  case 
(  Canister 


fLarg 
(Sinai 


c  h  a  rs 
chars 


WEIGHTS. 

Cartridge,  including   car- 
tridge block 

Shot,  strapped 

Shell,  strapped  and  charged 

Spherical  case,  strapped  and  charged 

Canister  with  sabot 

[  Shot , 

Round  of  animu-  J  Shell,  with  small  charge, 
nition,  complete  \  Spherical  case , 

(_  Canister 


L2 


In. 


5. 


5.02 
8. 
10.4 


9.5 
12.4 

Lbs. 

2.50 

2.06 

12.75 


11.43 

14.8 
15.4 


13.5 
16.91 


hi. 


3.25 

4.13 

0.75 
8.43 


7.8 

10.3 

Lbs. 

1.3 

1.05 

6.2S 


FOR    HOWITZERS. 


32 


In. 


7.4 


7.14 
10.5 


5.75 
7.32 
7.6 


6.82 
8.4 


Lbs. 
3.68 
3.1 

24.6 

31. 
28.5 

27.7 
34.1 
31.6 


24 


[n 


5.9 

5.4 

6.58 

9.55 


12 


Lbs. 
2.7 
2.34 

18. a 

23. 

21.25 

21.  J  5 
25.34 
23.6 


In. 


>3.25 

6.42 
8.75 

10. 

10. 
12.3 

Lbs. 

1.05 

9.35 
11.3 
10. S 

10.5 
12.5 
11.85 
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CHAP.     X. AMMUNITION    AND    FIREWORKS. 


Packing  Field  Ammunition. 

Packing  boxes  for  field  ammunition  are  made  of  well-seasoned  stutl'  (generally 
while  pine),  1.25  in.  thick,  dovetailed  at  the  corners.  The  top  of  the  box  is  fas- 
tened  wiili  six  2-in.  screws;  the  box  has  two  handles  of  1.?  In.  rope,  attached  to 
brackets  at  the  ends. 

The  boxes  are  painted  olive  color  on  the  outside,  and  the  kind  of  ammunition 
is  marked  on  both  ends,  in  large  white  letters.  The  place  and  date  of  fabrica- 
tion are  marked  on  the  inside  of  the  cover. 


Dimensions  and  Weights  of  Packing  Boxes. 


KIND  OF  AMMUNITION. 


For  Guns. 


12-PDR. 


6-PDR. 


(Shot 

•J  Spherical  case. 
{  Canister 


(Shot 

i  Spherical  case. . 
(  Canister , 


For  Howitzers. 


(-Shells 

32-pdr.    I  Spherical  case. 
(_  Canister 


("Shells 

'24-pdr.     I  Spherical  case. 
(_  Canister 


12-PDR. 


(  Shells 

<  Spherical  case. 
(  Canister 


0  3 


INTERIOR     DIMENSIONS. 


Length. 


In. 

17.5 
17.5 
16.4 

24. 

24 . 
25.5 


12.75 
12.75 
12.75 

17.25 
17.25 
17.25 

27.5 
27.5 
27.5 


Width. 


In. 

10.5 
9.5 

12.5 

S .  75 
8.25 
10.5 


12.75 
12.75 
12.75 

11.5 
11.5 
11.5 

9.25 
9.25 
9.25 


Depth. 


In. 

9.5 
9.5 
9.5 

7.75 
7.75 
7.75 


12. 
12. 
15.5 

11.5 
11.5 

14.75 

10.5 
10.5 
12.5 


Empty.    Packed. 


Lbs. 

23 
22 

21 

25 
24 
26 


23 
23 
25 

25 

25 
26 

30 
30 
31 


Lbs. 

14S 
132 

1(31 

133 
118 
146 


136 
162 
158 

155 
180 
170 

160 

183 
177 


The  above  weights  are  those  of  white  pine  boxes. 
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Contents  of  each  packing  box  for  Field  Ammunition. 


KIND  OF  AMMUNITION. 


FOK  GUNS. 

•a 

c 

c 

OJ      |     CO 

KIND  OF  AMMUNITION. 


HOWITZERS. 


SHOT. 

Shot  fixed  

Priming  tubes 

Portfires 

Slow  match yards 

SPHF.RICAL  CASE. 

Shot  fixed 

Priming  tubes 

Portfires 

Slow  match yards 

C  black,      2-sec. 

Fuzes,        red>  fsec'- 

|  green,     4-sec . 

[yellow,    5-sec. 

CANISTER. 

Canisters  fixed 

Priming  tubes 

Portfires 

Slow  match yards 


8 

5 

1 

1.5 


11 


1.5 


11 

5 

1 

1.5 


SHELLS. 


Fuzes, 


Shells  fixed 

Shells  strapped 

,,     .   ■  ,  f  small  char 

Cartridges,     i  , 

( large  charge 

Priming  tubes 

Portfires 

Slow  match yards 

{ black,  2-sec. 

J  red,  3-sec. . 

j  green,  4-sec. . 

[yellow,  5-sec. 

STHERICAL  CASE. 

Shot  fixed 

Shot  strapped 

Cartridges,  small  charge. . . 

Priming  tubes 

Portfires 

Slow  match yards 

( black,        2-sec. 

J  red.  3-sec. . 

ruzes,     \  , 

green,        4-sec. . 

[  yellow,      5-sec 


jreen, 

yellow, 

CANISTER. 


Canisters  fixed 

Canisters  with  sabots 

Cartridges,  small  charge. . . 

Priming  tubes 

Portfires 

Slow  match yards 


4 
4 
1 
3 
1 
1.5 
2 
4 
2 
2 


4 
4 
3 
1 
1.5 
2 
4 
2 
2 


4 
4 
3 
1 

1.5 


6 

6 
1 

3 
1 
1.5 
2 
6 
2 
2 


6 
6 
3 
1 
1.5 
2 
6 
2 
2 


6 
6 
3 
1 
1.5 


12 


1 

1.5 

6 

12 


12 


5 
1 
1.5 
6 
12 
6 


12 


1 
1.5 


Manner  of  packing  Ammunition  Boxes. 

For  Guns.  Shut,  spherical  cast  and  canisters,  fixed:  Laid  in  two  tiers  across 
the  box,  the  shot  or  canisters  alternating  with  the  cartridges  at  each  side.  The 
shot  or  canisters  of  the  upper  tier  rest  on  those  of  the  lower,  and  not  on  the 
cartridges. 


-.><;•.>  HAP.     V  —  AMMUNITION    AND     I  I  KKWORKS. 

For  32-pdb.  ami  24-pdr,  How  itzkhs.  Shells,  and  spherical  ease  shot:  Placed 
upright,  the  ball-  down,  resting  on  strip-  ol  wood  about  ."J")  In.  thick,  placed 
lengthwise  of  the  box  and  nailed  to  the  bottom,  so  as  to  prevent  the  fuze  plugs 
from  hearing  on  the  bottom  of  the  box.  Tlie  balls  are  held  down  !.y  small  strips 
ol  wood  tacked  with  sprig-  to  the  sides  of  the  box.  over  the  sabots.  The  car- 
tridges are  laid  on  top  of  the  sabots. 

Canisters  are  packed  in  the  same  manner,  omitting  the  strips  of  wood  in  the 
bottom  of  the  box. 

I'm:  L2-PDB.  Field  and  Mountain  Howitzers.  Shells  and  spherical  east  shot, 
fixed:  Placed  upright,  the  balls  down,  resting4  on  strips  of  wood,  as  for  the  other 
howitzers. 

Canisters  are  packed  in  the  same  manner,  resting:  on  the  bottom  of  the  box. 

In  all  the  boxes,  the  small  stores  are  placed  in  the  vacant  spaces  on  top  of  the 
ammunition. 

The  fuzes  of  each  color  are  put  up  in  a  bundle,  wrapped  in  water-proof  pa- 
per ol'  corresponding  color,  and  marked  with  the  time  of  burning-.  All  the  fuzes 
for  .1  box  are  put  in  one  parcel,  wrapped  with  waterproof  paper,  and  marked  : 
i      ZES. 

A  layer  of  tow  is  placed  in  the  bottom  ol'  each  box,  and  the  whole  contents 
aii-  well  packed  in  tow,  tilling  the  box  so  as  to  be  pressed  down  by  the  cover. 
Ibout  3  lb.-,  of  tow  are  required  foi  a  box. 


AMMUNITION   FOB  SIEGE  AND  GARRISON  8ERVI0E. 

( Cartridges. 

Tin'  ordinary  service  charge  ol  powder  lor  heavy  guns  is  one-fourth  the 
weight  of  the  shot  :  but  the  charge  varies  according  to  circumstance';,  from  one- 
third Xhe  weight  of  the  shot  (lor  a  breaching  battery),  i"  one-siarth  of  that  weight. 
lor  firing  double  shot  or  hot  shot,  and  still  less,  for  ricochet  firing.  The  charges 
lor  mortars  and  howitzer.-  vary  according  lo  the  required  range. 

( 'art)  idge  bags  for  siege  and  garrison  si  rviee,  are  usually  made  of  woollen  Stuff. 
These  arc  cut  in  two  pieces,  in  the  form  of  a  rectangle  with  semicircular  ends, 
which  are  sewed  together  to  form  the  bag,  as  described  in  making  bags  lor  field 
service.     Seepage  200,  for  the  manner  of  making  and  preserving  them. 
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Dimensions  of  Cartridge  Bags. 


OUX8. 

COLGM 

c 

u 

c 

t- 

•o 

"C 

■v 

•o 

•o 

a 

a. 

o. 

C 

c 

a. 

A 

4 

00 

- 

■* 

I    - 

H 

HOWITZERS. 


,-  t-i  ,-,  CO 


Charge  of  powder pounds, 


Di  mieter  of  chamber 

Length  of  chamber 

Diameter  of  cartridge 

Length  of  1  lb.  of   powder   in   a 

cartridge  

Width  of  cutting  stamp 

Width    of  sewing   stamp,   and   of 

the  finished  1  ■;« lc 

Whole  length  of  bag,  rat 

Length  of  cartridge,  filled 


Quantity  5-4  Btsff  for  100  bags, yds. 


10.5 
In. 


0.98 
10.35 

9.35 
18. 
11. 

30 


1.16 
9.55 


8.55 
18. 
10.5 


5.82 
5. 


1.46 

B.76 

7.75 
18. 
12. 


6. 
In. 
5.3 
46 


1.75 

8.15 


7.15 
17. 
11. 


4.2 

2. 
7.6 

6.6 
14. 
9. 


12. 
7.5 

0.68 

12.7 

11.17 

24. 

14. 


12. 

In. 

6.4 
11. 
6. 

0.98 
10.35 

9.35 

20. 
12.:. 


10-in.,  8-in. 


4. 

In. 

4.63 

8. 
4.2 

2. 


6.6 
14. 


9.5 
6.5 

0.83 
11.15 

10.15 

18. 

11. 


8. 

In. 

6.4 
7.5 
6. 

0.98 
10.35 

9.35 
15. 
9. 


Paper  Bags.  Cartridge  bags  for  heavy  ordnance  may  be  made  entirely  of 
paper.  The  bottom  is  circular;  one  end  of  the  paper  forming  the  cylinder  is 
cut  into  slips  about  1  in.  long,  which  are  pasted  over  the  paper  bottom  on  a  cylin- 
drical former. 

The  dimensions  of  the  formers  and  of  the  paper  are  easily  obtained  from  the 
foregoing  table.  The  formers  must  be  bored  through  the  axis,  to  facilitate  draw- 
ing off  the  bag. 

When  a  paper  bag  is  filled,  the  open  end  is  folded  down  about  |  in.  wide,  and 
this  fold  is  rolled  on  itself  down  to  the  powder,  and  the  part  which  projects 
beyond  the  cylinder  is  turned  in  on  the  top  of  it. 

These  bags  are  apt  to  leave  paper  burning  in  the  gun.  lor  which  reason  those 
made  of  woollen  stuff  are  preferable. 

For  columbiads  and  sea  coast  howitzers,  the  cartridge  should  always  occupy  the 
whole  length  of  the  chamber;  for  this  purpose,  in  firing  with  reduced  charges, 
a  cartridge  Mock  is  placed  in  the  bag,  over  the  powder.  The  length  of  this  block 
for  any  charge  is  easily  deduced  from  the  length  occupied  by  1  lb.  of  powder,  as 
given  in  the  above  table. 

For  mortars,  cartridge  bags  may  be  made  in  the  same  manner  as  for  guns, 
their  dimensions  corresponding  to  those  of  the  chamber  of  the  mortar.  But  as 
the  charge  is  generally  poured  loose  into  the  chamber,  the  bag  being  used  only 
tor  carrying  it  to  the  mortar,  a  gun  cartridge  bag  of  any  convenient  size  may  be 
used  for  mortar  service. 


t»r,4 
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For  firing  hot  shot,  cartridge  bags  are  made  double,  by  putting  one  bag  within 
another.     Care  must  lie  taken  that  the  bags  are  free  from  holes. 

For  ricochet  firing  or  other  occasions  when  very  small  charges  are  required,  a 
cartridge  bag  for  a  piece  of  an  inferior  calibre  may  be  used.  Or  else,  after  the 
charge  is  poured  into  the  bag.  place  on  it  another  bag  filled  with  hay,  pressing 
it  with  the  hands  to  reduce  the  diameter  ;  alter  having  shaken,  this  bag  down  and 
rolled  and  flattened  the  empty  part  of  the  two  bags,  lie  them  with  woollen  yarn, 
like  a  bundle  of  musket  cartridges,  placing  the  knot  on  top. 

For  proving  ordnance,  cartridge  bags  are  made  of  woollen  Mull  for  small  cali- 
bres, and  of  paper  for  heavy  ordnance.  They  should  be  of  the  full  diameter  of 
tht   bore  or  chamber. 


Strapping  Shells. 

Sabots  for  shells  for  heavy  guns,  howitzers  and  columbiads,  are  made  of  plank. 


DIMENSIONS   OF    SABOTS. 


Whole  height 

i;p  atesl  diameter 

Diameter  at  bottom 

Cavity  lor  i  Depth 

the  ball,  i  Radius  of  cuiv.. 


Straps     fwi'lttl- 
8TIUPK   (  Length. 


SIEGE   AND    GARRISON    0  1  NS. 


SKA  liHSI' 
HOWITZERS. 


CoLCMUIADS. 


2. 

6.58 

1. 
3.42 

0.65 
21. 


1.5 

6. 

075 
3.12 

0.6 
19. 


1.5 
5.43 

0.75 

■1.  si 

0.55 

17.5 


42         32         24         IS         12       10-in.     Mn.     10-in.    8-in. 


In. 

1.5 
4.92 

0.76 

2.58 


In. 

1.5 

4.35  | 

1. 
2.26 


0.5      0.45 
16.      14. 


In. 

2. 

7.75 
6.75 
1. 

4.'.t:t 

1. 
29. 


In. 

2. 
6.79 

<U5 

1. 

3.93 

0.76 
23.6 


In. 

2. 

s.41 

7.75 

1. 

4.93 

1. 
29. 


In. 

2. 

6.79 

6.15 

1. 

3.93 

0.75 
23.5 


One  of  the  straps  has  a  slit  in  the  middle  for  the  other  strap  to  pass  through. 
Two  rings,  or  loops  of  tin,  0.38  inch  diameter,  are  soldered  securely  to  the  slit 
strap  of  the  howitzer  and  columbiad  shells,  for  the  purpose  of  attaching  a  handle 
made  of  cord  0.15  inch  to  0.25  inch  thick. 

The  shells  are  placed  in  the  sabot,  and  the  straps  put  on  in  such  a  manner  that 
the  fuze  hole  may  fall  in  one  of  the  angles,  between  two  straps,  and  that  the  axis 
of  the  fuze  hole  may  stand  at  an  angle  of  about  '15°  with  that  of  the  sabot.  The 
eyes  of  the  shell  should  not  be  covered  by  the  straps.  The  straps  are  fastened 
at  each  end  with  2  nails  in  the  side,  and  2  in  the  bottom  of  the  sabot. 

In  loading  the  piece,  care  must  be  taken  to  place  the  fuze  hole  in  the  upper 
part  of  the  bore. 
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Canisters. 

A  canister  for  a  siege  and  garrison  gun,  i<  made  by  turning  one  end  of  the  tin 
cylinder  over  the  iron  bottom,  from  0.25  in.  lo  0.38  in.  wide,  according  to  the 
calibre:  the  other  end  is  cut  into  strips  0.5  in.  long,  to  turn  down  on  the  cover 
when  the  canister  is  rilled.  The  cover  for  these  canisters  is  of  sheet  iron.  .1  in. 
thick;  it  has  a  handle  3.75  in.  long  by  1.75  in.  wide,  made  of  iron  wire  No.  9, 
fastened  to  the  cover  by  a  strap  of  sheet  iron.  2  in.  long,  1.75  in  wide,  secured  by 
two  rivets  0.).r>  in.  thick.     The  bottom  plate  is  of  cast  iron,  0.5  in.  thick. 

For  dimensions  of  Canister  S/iot,  see  Chapter  II. 

Canisters  for  8-inch  siege  and  sea-coast  howitzer*,  are  attached  lo  sabots,  of  the 
following-  dimensions  : 


8-INCH   CANISTER  SABOTS. 


SIEGE. 

SEA  COAST. 

In. 

In. 

1.68 

5. 

7. 85 

7.^5 

*Bottom  hemi 

# 

6.4 

spherical. 

7.8 

7.8 

0.75 

0.75 

Whole  height 

Greatest  diameter 

Diameter  at  the  bottom    ....... 

Diameter  of  cylinder  for  the  tin 
Height  of  cylinder 


Dimensions  and  weights  of  Canisters. 


DIMENSIONS. 


FOR  SIEGE  AND  GARRISON    GUNS. 


42 


32 


24 


1^ 


1-2 


FOB  S-IN. 
HOWITZERS. 


Siege. 


Sea 
Coast. 


Length  of  tin  for  cylinder,  de- 
veloped   

Height  of  ditto 

Interior  diameter  of  cylinder. 

Diameter  of  plates 

Height  of  finished  canister  . . 

Number  of  tiers  of  shot 

Number  of  shot  in  each  of  the 

3  lower  tiers 

Number  of  shot  in  4th  tier. . . 
Whole  number  of  shot 

Weight,  finished  canister,  Lbs.    48. 


In. 

In. 

In. 

In. 

In. 

In. 

21.5 

20. 

IS. 3 

16.7 

J4.4 

25.1 

9.6 

9. 

8.25 

7.7 

6.75 

S.6 

6.78 

6.19 

5.63 

5.12 

4.47 

7.8 

6.73 

6.14 

5.58 

5.07 

1.42 

7.75 

8.7 

8.1 

7.3.r. 

6.8 

6. 

12.03, 

4 

4 

4 

1 

4 

4 

7 

7 

7 

7 

7 

12 

6 

6 

6 

6 

6 

12 

27 

27 

27 

27 

27 

48 

48. 

37. 

29. 

23. 

15. 

53.5 

In. 

25.1 
S.6 

7.75 
12.35 


12 
12 

48 

54.5 
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Gfrape. 

For  the  dimensions  of  Grape  Shot,  see  Chapter  II. 

A  Stand  of  Graph   consists  of'9  shot,  put  together  by  means  of  2  cast  iron 
plate*,  2  rings  and  I  pin  and  nut.     See  Plate  17. 


DIMENSIONS 


Diameter  of  plates 

Thickness   of  plates 

Interior  diameter  of  rings 

Diameter  of  round  iron  for  rings  and 

pin 

Length  of  pin,  including  tapped  part. 
Height  of  stand,  between  the  outsides 

of  t lie  plates 

WEIGHTS. 

Plates 

Pin,  nut,  and   rings 

Stand,  complete 


S-in. 

i 

42 

32 

24 

16 

In. 

In. 

In. 

In. 

In. 

7.85 

0.6 

6:55 

6.83 
0.6 

5.73 

6.24 

0.5 

5.16 

5.C8 
0.5 

5.17 

0.4 

4.26 

0.6 

M.7 

0.5 

9.25 

0.5 

8.7 

0.3S 

7.58 

0.38 

7.18 

9.85 

S.75 

8.2 

7.5 

6.8 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

13.6 

1.75 
71.5 

10.2 

2.8 

51.25 

8. 

2.5 

39. 7.r> 

6.75 

1.81 

30.61 

4.56 

1.12 

■^ .  i r. 

12 


In. 

4.52 

o.  i 
3.8 

0.32 
6.12 

5.8 

Lbs. 

3.44 

0.69 

14.84 


The  square  of  the  nut  is  2  diameters  of  the  j>in;  its  thickness,  1  diameter. 
The  head  of  I  lie  pin  is  countersunk  (lush  with  the  bottom  of  the  lower  plate. 
which  has  a  slut  to  prevent  the  pin  from  turning  when  the  nut  is  screwed  cm. 
Each  plate  has  on  the  inside  3  beds  for  the  shot,  of  a  depth  equal  to  half  the 
thickness  of  the  plate;  they  are  made  in  the  form  of  a  spherical  segment,  the 
curvature  of  which  is  the  same  as  that  of  the  shot;  their  centres  are  on  equi- 
distant radii,  midway  between  the  edge  of  the  pin  hole  and  that  of  the  plate.  In 
the  upper  plate  are  2  holes  0.25  in.  diameter,  placed  opposite  to  each  other  at 
0  5  in.  from  the  edge  of  the  plate,  to  receive  a  rope  handle. 

I'ur  the  b-iiieh  sea  roast  hoiritzrr.  the  stand  of  grape  must  be  attached  to  a  coni- 
cal sabot.  The  sabot  is  4.25  in.  long,  7.85  in.  diameter  at  the  large  end,  and  6.4 
in.  at  the  small  end.  The  sabot  may  be  faslened  to  the  lower  plate  with  screws, 
or  the  pin  may  be  made  long  enough  to  pass  through  it ;  or  else  the  sabot  may  be 
inserted  into  the  piece  separately  from  the  stand  of  grape. 
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Filling  Shells  for  Mortars. 


CHARGES  FOR  MORTAR  SHELLS. 


'of  the  shell  tilled  with  powder 

Charge.  .  -J  lo  burst  the  shell 

to  blow  out  the  fuse 

(Cannon    powder 

Ordinary  service  charge  ... -I  Incendiary    match,  or 
(_     other  composition.. 


13-in. 


Lbs.   oz. 

II 
6 
0     6 

7 

0     8 


10-in. 


Lbs 


0     6 


S-in. 


Lbs.    oz. 

2  9 
1 

0  4 

1  12 

0     6 


1  Man  to  fill.  1  helper. 

Materials.  Camion  powder — incendiary  match — pieces  of  fire  stone,  3  in.  long, 
or  other  incendiary  composition — loaded  fuses — tori'. 

Implements  and  Utensils.  1  pair  of  shell  hooks — 1  handspike — 2  hand  ham- 
mers— o  scrapers  (piece*  of  sword  blade)— 2  tow  hooks— 2  pairs  of  pincers — ragi— 
1  chisel  and  1  mallet,  to  clean  the  shells  and  break  up  any  hard  substance  that 
may  be  found  in  the  interior — 2  searchers,  for  sounding  cavities — shell  gauges — 
1  grate,  to  dry  the  shells  on — 1  fuze  saw— I  gi?>ilet—A  ring  of  rope,  or  a  hollow 
block  —  1  funnel— powder  measures — 1  tub,  or  vessel  for  powder — 2  baskets,  for  the 
composition  and  fuzes — 1  rasp — I  fuze  setter,  and  1  mallet. 

To  Charge  a  Shell.  Clean  the  shell  inside  and  out ;  gauge  it ;  see  that  it  has 
no  holes  or  fissures  deep  enough  to  cause  its  rejection  ;  that  the  fuze  hole  is 
well  reamed,  and  that  there  are  no  flaws  around  it  on  the  inside  ;  if  the  shell  is 
wet,  heat  it  slightly  and  let  it  cool  slowly. 

Cut  the  fuze  to  the  proper  length,  according  to  the  range,  by  resting  it  in  a 
groove  made  in  the  block,  the  saw  running  in  a  cut  made  for  it;  or  bore  the  fuze 
through  with  a  gimlet,  perpendicularly  to  the  axis,  at  the  proper  length. 

Place  the  shell  on  the  block  or  ring  of  rope  :  pour  in  the  powder  and  introduce 
the  incendiary  composition ;  try  the  fuze,  which  should  enter  |  of  its  length; 
cover  the  head  of  the  fuze  with  tow.  and  drive  it  with  the  fuze  setter  and  mallet, 
so  that  the  head  of  the  fuze  shall  project  not  more  than  0.2  in.  to  0.4  in. 

Shells  are  generally  filled  and  the  fuzes  driven  in  the  battery  magazines,  as 
they  are  required. 
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Charges  for  Shells  for  Columbiads  and  heavy  Guns. 


CHARGE   OF    POWDER. 

COLUMBIADS. 

QCNS. 

10-in. 

8-in. 

42 

32 

•J4 

18 

12 

To  fill  the  shell 

Lbs.  oz. 

3      4 
1       6 
0     10 
3      0 

Lbs.   oz. 

1     12 

1      (i 

0  8 

1  8 

Lbs.   oz. 

1        8 
0    12 

0  6 

1  4 

Lbs.   oz. 

1      5 
0    11 

0  2 

1  0 

Lbs.  oz. 

1       (i 
0      8 
0      2 
(1     12 

Lbs.   oz. 

0    11 
0      7 

0    10 

Lbs.   oz. 
0      8 

0      5 

0      1 

0      7 

The  fuzes  for  these  shells  are  made  with  paper  eases,  and  are  inserted  at  the 
time  of  loading  the  piece. 

The  fuze  plugs  are  made  of  wood,  or  of  brass,  driven  or  screwed  into  the  fuze 
hole;  they  are  covered  with  a  cap  of  peculiar  construction  which  contains  the 
priming  of  the  fuze.  The  size  of  the  plug  is  indicated  by  that  of  the  fuze  hole  in 
the  shell. 

The  bursting  charge  is  poured  into  the  shell  through  the  hole  in  the  fuze  plug- 


Wads. 

Wads  for  proving  cannon  are  made  out  of  junk. 

Imtlkments.  1  wad  mould  with  two  holes  for  each  calibre;  made  of  cast  iron 
cylinders  set  in  oak,  or  of  two  strong  pieces  of  oak  strapped  with  iron  and 
joined  by  a  hinge — 1  drift  for  ditto — 1  maul. 


DIMENSIONS   OP    MOULDS. 

lii-iu. 

8-in. 

•4  2 

32 

24 

18 

12 

6 

Diameter  of  moulds,   [ 'arB.e.  J'f}0, 

In. 

9.75 
9.4 
10. 
6. 

In. 

7.8 

7.5 

8. 

4. 
15. 

7.3 
24. 

In. 

6.8 

6.5 

7. 

4. 
13. 

6.2 
24. 

In. 

6.2 

0.9 

6.4 

4. 
12. 

5.6 
24.  * 

In. 

5.65 
5.3 
5.8 
4. 

11.5 
5. 

24. 

In. 

5.12 

4.8 

5.3 

4. 
11. 

4.5 
24. 

In. 

4.4S 
4.1 
4.6 
4. 

10. 

3.8 
24. 

In. 

3.35 
3.2 
3.7 
4. 

Width  of  blocks 

17. 

8.5 
24. 

9. 
2.9 

24. 

Making  Wads.  The  junk,  after  having  been  picked,  is  compressed  by  being 
beaten  in  the  smaller  mould  until  it  assumes  the  requisite  dimensions;  it  is  then 
taken  out,  by  raising  the  upper  part  of  the  mould,  and  closely  wrapped  with  rope 
yarn  passed  over  it  in  the  direction  of  the  axis  of  the  cylinder  and  fastened  by  a 
few  turns   round  the  middle  of  the  wad;  after  which  it  is  placed  in  the  large 
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mould  and  again  beaten  with  the  maul  and  drift;  the  diameter  of  the  wad  when 
finished  is  verified  with  a  wooden  gauge  corresponding  to  the  large  gauge  of  the 
shot. 


DIMENSIONS  AND  WEIGHTS  OF 
WADS. 


10-in. 

8-in. 

42 

32 

•24 

18 

12 

Diameter  and  height  of  wad.. 


Weight  of  wad 

Quantity  °f  junk  required  for 
100  wads 


In. 
9.75 


In. 

7.8 


Lbs.  oz.iLlis.oz. 


16  8 
1650 


8  8 
B60 


In. 

In. 

In. 

In. 

In. 

6.8 

6.2 

5.65 

5.1 

4.4 

Lbs.oz. 

Lbs.  oz. 

Lbs.  oz. 

Lbs.oz. 

Lbs.  oz. 

5  10 

4  6 

3 

2  6 

1  8 

562 

437 

300 

237 

150 

In. 

3.5 

Lbs.oz. 

0  13 


An  addition  of  3  per  cent,  to  the  quantity  required  may  be  allowed  for  waste, 
mr.  etc. 

Wads  for  firing  hot  shot,  and  for  other  like  purposes,  may  be  made  of  hay. 
wrapped  with  rope  yarn  ;  they  are  fabricated  in  the  same  manner  as  junk  wads. 

Ring  wads  (or  grommets,  as  they  are  called  in  the  naval  service)  have  been 
tound  very  serviceable  in  increasing  the  accuracy  of  fire,  and  they  are  to  be  pre- 
ferred where  the  object  of  a  wad  is  merely  to  retain  the  ball  in  its  place.  They 
consist  of  a  ring  of  rope  yarn,  about  0.7  in.  thick,  with  two  pieces  of  strong 
twine  tied  across  it,  at  right  angles  with  each  other.  The  size  of  the  ring  is  the 
lull  diameter  of  the  bore,  in  order  that  it  may  fit  tight.  These  wads  may  be  at- 
tached with  twine  to  the  straps,  or  to  the  balls  ;  or,  they  may  be  inserted,  like 
other  wads,  after  the  ball. 


MILITARY  FIREWORKS. 
Slow  Match. 

Preparation.  Slow  match  is  made  of  hemp,  fiax,  or  cotton  rope,  about  0.6 
in.  diameter,  made  with  3  strands,  slightly  twisted.  Cotton  rope,  well  twisted, 
forms  a  good  match  without  any  preparation. 

To  prepare  hemp  or  flax  rope:  boil  it  10  minutes  in  water  holding  in  solution 
l-'20th  of  its  weight  of  sugar  of  lead,  or  let  it  remain  in  the  cold  solution  until  it 
is  thoroughly  saturated — run  it  through  the  hands,  to  take  the  water  from  it — 
twist  it  hard  by  attaching  one  end  to  the  hook  of  a  twisting  winch,  and  putting 
a  stick  in  a  loop  at  a  convenient  distance  for  twisting — smooth  it  by  rubbing  it 
smartly  with  coarse  mats,  hair  cloth,  or  cuttings  of  buff  leather,  commencing  at 
the  winch  and  rubbing  always  in  the  same  direction,  until  the  diameter  of  the 
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r.ipc  iv  reduced  0.1  in.  and  until  the  tension  and  hardness  are  even — stretch  it  un 
poles  or  on  a  fence  to  dry,  and  put  it  up  in  neat  coils  of  28  yards  each. 
yards  ol  rope  require  2.5  lbs.  ol  sugar  of  lead. 

Match  ilnis  prepared  burns  1  inches  in  an  hour.  Cotton  match  burns  K 
inches  in  an  hour. 

]i  sugar  of  lead  cannot  be  procured,  the  rope  may  be  simply  leached.  For 
this  purpose,  it  is  put  into  a  leach  tub,  and  steeped  in  pure  water  for  12  hours — 
this  water  is  then  drawn  oil' and  replaced  by  ley  prepared  in  a  boiler  with  a 
quantity  of  ashes  equal  to  half  the  weight  of  the  rope,  to  which  5  per  cent,  of 
quick  lime  is  added — this  ley,  with  the  ashes,  is  put,  after  being  warmed,  into 
the  hopper  of  the  tub,  and  when  it  has  run  through  and  remained  some  time  in 
the  tub,  it  is  drawn  oil',  heated  again,  and  poured  back  on  the  ashes.  This  ope- 
ration is  several  times  repeated  in  the  course  ol  24  hours,  which  is  the  time 
required  tor  the  rope  to  be  well  leached.  Alter  being  taken  out  and  twisted 
with  Sticks,  it  is  steeped  for  5  minutes  in  hot  water,  being  Stirred  at  the  same 
time,  and  the  operation  is  finished  as  before.  Match  prepared  in  this  manner 
burns  5  inches  in  an  hour. 

By  treating  bad  match  or  old  rope  with  sugar  ol  lead,  very  good  match  may 
be  made. 

Slow  match  weighs  from  3  to  5  oz.  to  the  yard. 

PACKING.  Slow  match  is  packed  in  tight  casks  or  boxes.  A  cask  -10  in.  high, 
24  in.  diameter  (weighing  Oil  lbs. J  contains  1  .">0  lbs.  of  match. 

Dimensions  of  a  box  to  hold  200  lbs.  hemp  or  220  lbs.  cotton  match:  11  in. 
imi.  2S  in.  wide,  lis  in.  deep — weight  bl  lbs.  It  is  made  ol  boards  1  in.  thick, 
ends  1]  in.  It  has  comer  pieces  ol'  hard  wood  2.25  in.  square.  The  casks  and 
boxes  should  be  marked  with  the  kind  and  quantity  of  match,  place  and  date  of 
fabrication. 


Quick  Mutch. 

Take  cotton  yarn,  such  as  is  used  for  candle  wick,  of  such  a  size  (generally 
1  Strands)  that  when  doubled  and  twisted  in  the  fingers,  it  may  lie  0.07  in.  in 
diameter;  wind  it  into  a  loose  ball  of  convenient  size  (say  1  lb.,  which  will 
measure  1,000  yards),  and  steep  it  in  gummed  brandy  or  whiskey,  until  the  cot- 
ton is  thoroughly  soaked.  In  a  wooden  bowl  or  copper  pan.  put  a  layer  about 
J  in.  deep,  of  paste  made  of  mealed  powder  and  gummed  spirits,  of  the  consist- 
ency of  flour  paste;  on  this,  spread  a  coil  of  the  cotton  by  unrolling  the  ball  and 
distributing  it  equally  on  the  surface  of  the  paste  until  there  are  5  or  (>  yarns  over 
one  another — put  another  layer  of  the  paste,  and  proceed  in  this  manner  until 
the  bowl  is  full,  taking  care  not  to  entangle  the  strands;  the  last  layer  of  paste 
should  be  a  little  deeper  than  the  others.     After  the  cotton  has  been  3  or  4  hours 
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in  the  bowl,  wind  it  on  a  reel,  making  it  pass  through  a  funnel  filled  with  the 
paste,  and  taking  care  that  the  several  turns  of  yarn  do  not  touch  each  other. 
Before  it  is  dry,  dredge  it  with  mealed  powder  :  let  it  dry  slowly,  then  cut  it  off 
from  the  reel  and  put  it  in  bundles.  The  gum  should  be  first  dissolved  in  the 
smallest  possible  quantity  til  hot  water  or  vinegar,  and  afterward  mixed  with 
spirits. 

Match  thus  prepared  should  be  hard  and  stiff,  and  the  composition  should  hold 
(irmly  on;   1  yard  burns,  in  the  open  air,  13  seconds. 

1.000  yards  of  quick  match  require  I  lb.  of  cotton  yarn,  8  lbs.  of  mealed  pow- 
der, li  gallons  of  spirits,  and  2\  oz.  of  gum  arable.     Weight  when  dried,  9  lbs. 

I'y  using  vinegar,  a  match  is  made  which  burns  less  rapidly  in  the  proportion 
of  1  to  5j  and  with  pure  water,  in  the  ratio  of  4  to  ti.  Alcohol  makes  a  quicker 
match,  but  it  cannot  be  gummed,  and  the  composition  does  not  stick. 

A  slow  kind  of  match  is  made  by  adding  sulphur  to  the  me*a!ed  powder;  with 
one-sixth  of  sulphur,  1  yard  of  match  burns  22  seconds;  with  one-fifth.  33 
seconds  ;  with  one-third,  53  seconds  ;   with  one-half,  1G2  seconds. 

Quick  match  enclosed  in  tubes  bums  more  rapidly  than  in  the  open  air.  and 
more  so  in  proportion  as  the  tubes  are  smaller.  To  communicate  fire  very  ra- 
pidly, it  is  enclosed  in  paper  lubes  called  leaders. 


Priming  Tubes. 

In. 
Dimensions  of  tubes. — Length 3.25 

Exterior  diam.(al[°P 017 

[  at  hot  ton 0.14 

Interior  diam.    («'*»?■ 0.12 

(  at  bottom 0.09 

Exterior  diam.  j  at  top ...  .0.75 

of  cup.  (  at  bottom 0.70 

■P,     .,      .-  I  exterior 0  "25 

Depth  of  cup  .  <  „■*" 

1  '       (interior 0.2J 

Weight  of  1,000  tubes,  empty — 15  lbs. 

Metal  for  tubes — 50  lbs.  Banca  tin  ") 

50  lbs.  Lead  I  for  6,000  tubes. 

1J  lbs.  Antimony         J 

Making  tubes. — The  metal  is  melted  in  an  iron  pan,  placed  in  the  oven  of  a 
stove,  and  the  moulds  are  kept  heated,  at  the  same  time,  so  that  their  tempera- 
ture may  be  high  enough  to  scorch  dry  shavings.  During  the  casting,  the 
moulds  should  be  smoked  occasionally  with  rosin,  or  pine  knots,  to  prevent  the 
tubes  from  sticking.  Six  moulds  should  be  used  in  casting,  and  they  should 
not  be  cooled  by  wetting  them.  When  not  in  use,  the  moulds  must  be  kept  well 
oiled  and  free  from  rust. 
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The  tubes  are  drawn  from  the  moulds  by  means  of  a  lever  fixed  into  the  work 
bench  ;  when  the  spindle  withdraws,  leaving  the  tube  in  the  mould,  ;i  small 
screw  is  inserted  into  the  tube,  which,  by  being  gently  lapped  with  a  hammer, 
loosens  tbe  tube  and  withdraws  it. 

Anotlur  method  of  muling  tubes,  now  generally  practised,  is  to  cut  the  metal 
into  small  discs,  each  of  which  is  formed  into  a  tube  by  being  pressed  through  s 
die. 

Tubes  are  cupped  by  running  them  through  a  groove,  over  which  a  plane  is 
passed,  turning  in  the  edges  of  the  cup. 

Charging.  Tubes  are  filled  with  mealed  powder  made  liquid  by  spirits  of 
wine,  which  is  injected  into  them  with  a  tube  injector  holding  one  quart.  A  bet- 
ter method  is  to  make  the  mealed  powder  into  a  soft  paste,  which  is  pressed  into 
the  tube  with  the  thumb. 

A  strand  of  quick  match  2  in.  long  is  placed  across  the  cup,  which  is  then  till- 
ed with  the  same  paste  ;  a  small  brass  wire  (No.  22),  is  run  through  the  lube  and 
withdrawn  after  the  composition  is  dry. 

A  paper  cap  is  placed  over  the  cup  and  twisted  tightly  around  the  tube,  under 
the  cup. 

Composition  to  fill  1,000  tubes  : 

2\  lbs.  mealed  powder. 

2    quarts  of  whiskey,  or  spirits  of  wine. 

Weight  of  1,000  tubes,  filled— 18  lbs. 

Qikll,  Tubes.  Priming  tubes  may  be  made  also  of  quills  :  for  this  purpose 
the  barrel  of  the  quill  is  cut  off  at  both  ends,  the  largest  end  is  slit  into  7  pieces 
0.5  in.  long,  which  arc  bent  outward  at  right  angles:  line  woollen  yarn  is  then 
woven  into  these  slits,  like  basket  work,  or  a  perforated  disc  of  paper  is  pasted 
on  them.     The  tube  is  filled  and  finished  as  before. 

The  small  end  of  the  quill  may  be  closed  with  sealing  wax.  and  the  tube 
charged  with  ri fie  powder. 

These  tubes  arc  preferable  for  service  on  shipboard,  or  in  casemates  or  block- 
houses, as  there  is  no  danger  from  the  fragments  blown  out  of  the  vent,  which 
there  may  be  with  metallic  tubes, 

For  mortar  service,  priming  tubes  may  be  made  by  inserting  a  strand  of  quick 
match  in  a  cylinder  of  thin  paper,  of  the  same  diameter  and  length  as  the  metal 
lube.     The  match  should  project  about  2  inches  beyond  the  upper  end  of  the  tube. 

Tubes  are  tied  up  in  bundles  of  10,  wrapped  in  paper. 
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Portfires. 

Making  the  Cases.  Formers  for  portfire  cases  are  made  of  steel,  turned 
smooth,  22  in.  long,  and  0.5  in.  diameter,  with  a  hole  0.2  in.  diameter  through 
one  end,  for  the  purpose  of  drawing  it  from  the  case.  The  length  of  the  case  is 
IS  in. ;  exterior  diameter  0.65  in. ;  interior  diameter  0.5  in.  One  sheet  of  paper. 
No.  4,  makes  two  cases,  and  each  case  weighs  1  oz.  The  case  is  rolled  hard 
with  a  hand  rolling  board,  the  sheet  being  pasted  after  one  turn  around  the 
former. 

Driving  Portfires.  Portfire  moulds  are  made  of  brass  ;  they  are  IS  inches 
long,  with  a  bore  0.65  in.  diameter;  the  mould  consists  of  two  parts,  0.4  in. 
thick  at  top,  and  0.6  in.  at  bottom,  which  are  held  together  by  a  socket  at  bottom, 
and  by  4  strong  bands. 

Three  drifts  are  used  for  driving  portfires;  they  are  made  of  steel,  with  brass 
lips,  0.5  in.  long,  upon  the  lower  end.  These  drifts  are  22  in.,  15  in.  and  10  in. 
long,  and  of  a  diameter  0.1  in.  less  than  the  interior  diameter  of  the  case.  Four 
spiral  grooves  are  cut  upon  the  surface  of  the  drifts,  making  one  half  of  a  revo- 
lution in  22  inches ;  the  grooves  are  0.15  in.  wide  and  0.05  in.  deep.  The  handles 
of  the  drifts  are  6  inches  long  and  0.75  in.  diameter,  with  the  head  enlarged  to 
1.25  in. 

Mallets  for  driving  portfires  are  turned  of  hard  wood,  and  weigh  one  pound. 

Put  the  case  in  the  mould  and  drive  on  the  rings — insert  a  small  funnel  in  the 
top  of  the  case — pass  the  long  drift  through  the  funnel  to  the  bottom  of  the 
mould — fill  the  funnel  with  composition,  and  strike  the  drift  about  three  blows 
every  second,  raising  the  drift  about  half  an  inch  with  the  fingers  of  the  left 
hand  between  the  blows.  In  this  way  the  composition  finds  its  way  around  the 
sides  and  through  the  grooves  of  the  drift  to  the  bottom,  and  is  uniformly  and 
compactly  driven.  The  shorter  drifts  are  used,  as  the  case  is  filled.  A  man  can 
drive  120  portfires  in  ten  hours. 

Portfires  should  not  be  primed  with  mealed  powder.  Before  commenciii"  the 
driving,  a  piece  of  paper  should  be  pushed  with  the  long  drift  to  the  bottom  of 
the  case,  and  alter  the  portfire  is  driven,  the  top  of  the  case  should  be  turned  in 
and  beaten  down  ;  thus  both  ends  of  the  composition  are  secured. 


Composition  for  100  portfires: 

Nitre 13      lbs. 

Sulphur 4.5  lbs. 

Mealed  powder 2.5  lbs. 

The  portfires  made  with  this  composition  burn  ten  minutes. 
18 
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The  composition  must  be  intimately  mixed,  by  grinding  with  a  nmller  mi  the 
mealing  table,  rubbing  it  through  the  hands,  and  passing  it  through  a  sieve. 
regrinding  the  coarse  parts  that  remain,  and  adding  them. 

Portlires  may  be  driven  in  a  cylinder  of  sheet  copper  or  tin,  supported  in  a 
hole  in  a  block  of  hard  wood  ;  but  as  they  cannot  be  driven  so  hard  in  this  way. 
the  proportion  of  mealed  powder  in  the  composition  should  be  reduced  to  1J  II).. 
in  order  that  the  portfire  may  not  burn  too  fast. 


INTKUlolt   DIMENSIONS  OF  BOXES  KOI!   PORTFIRES. 


Length 

Width 

Depth 

Weight,  packed lbs. 


100 


200 


In. 

In. 

18 

18 

9.1 

9.1 

5.1 

10. 1 

38 

70 

The  boxes  are  made  of  white  pine  boards  0.75  in.  thick,  the  sides  dovetailed 
together,  and  the  top  fastened  with  six  lj  in.  screws,  the  heads  countersunk 
and  covered  with  putty.  They  should  be  lined  with  water-proof  paper,  and 
painted  with  one  coat  of  olive  color — marked  on  one  end  with  the  number  and 
kind  of  contents,  and  the  year  of  fabrication. 


Fuzes  for  Mortar  Shell*. — Plate  17 


DIMENSIONS  AM'  WEIGH  rS. 


(  at  upper  end 

Diameter  of  fuze  •;  at  lower  end  of  first  cone 


(  lower  end  of  fuze. 


i::-iii. 


In. 


„.  r  f  at  the  top. . . 

D'ameter  °'  CUP  {  at  the  bouom 

I  liameter  of  the  bore 

Length  of  i i i* — t  cone 

Depth  of  the  cup |       ° 

Thickness  of  wood  at  the  bottom  of  the  fuze. 


.85 
.65 

.25 

,25 
.9 

.1 

.s 

.6 

1.2 


Length  of  composition I        9 


Whole  length  of  fuze 
Length  of  1st  drift 
Length  of  2d  drift 
Diameter  ol   drifts. . 


exclusive  of  the  handles. 


j     Lbs. 

Wright  of  composition  for  100  fuzes 8 

Weight  of   100  fuzes,  complete I       54 


ID-Ill. 


In. 

1.7 

L.55 

1. 

1. 
o, 

0, 


3 

2.25 

0.5 

0.9 

S. 

9.4 

S. 

4. 

0.27 


Lbs. 

4 

33 


S--MI. 


In. 

1  .25 
1.15 
0.9 

0.75 

0.6 

0.3 

.25 

.1 
.9 


1. 

0. 

0. 

5. 

6.3 

8. 

I. 

0.27 

Lbs. 
2i 
16 
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Wooden  fuzes  for  mortar  service  are  made  of  beech,  ash,  or  linden,  seasoned 
and  free  from  knots.  They  nre  liored  in  the  lathe,  and  the  exterior  i>  trraduated 
into  inches  and  tenths  (commencing  at  the  bottom  of  the  cup)  by  means  of  a 
steel  gauge  applied  to  it  in  the  lathe. 

Compositions  for  Mortar  Fuzes. 


No.     Nitre.    Sulphur. 


Mealed 


Time    of 

burning 
powder.  .   •      ,° 

'  1  inch. 


Si 

1 


3.8  sec 

5.     sec 
2.2  sec. 


f  For  10-inch  and  3-inch  mortar.- 
1      light. 

J  For  13-inch  and  10-inch  mortars 
j      heavy. 
For  8-inch  howitzers. 


The  composition  must  be  well  pulverized,  thoroughly  mixed  with  the  hands, 
and  sifted.  As  the  time  of  burning  will  vary  a  little  according  to  the  quality  of 
the  materials  used  (especially  of  the  mealed  powder),  a  few  trials  should  be 
made  to  determine  the  exact  composition  in  each  case. 

Driving.     The  articles  nece.-sary  for  driving  fuzes  are:  Blocks,  with  b 
the  size  of  the  fuze — mallets— steel  drift*,  shod  with  copper — copper  ladles,  to  con- 
tain sullicient  composition  to  make  1  diameter  of  the  bore  in  height  when  driven 
— coppe  r  pa  n  s — mealed  po  ruder — fa  ze  compos  it  to  it . 

In  driving  fuzes  be  careful  to  put  in  equal  quantities  of  composition  each  time, 
by  passing  a  drift  over  the  ladle  to  take  oil' the  composition  along  the  edges; 
keep  the  strokes  as  regular  as  possible,  giving  always  the  same  number  and 
with  the  same  force  to  each  ladleful  of  composition.  The  pan  with  the  compo- 
sition must  not  be  placed  on  the  driving  block,  as  the  sulphur  would  collect 
together,  and  would  separate  from  the  rest  of  the  composition. 

13-in.,  10-in.,  and  S  in.  fuzes  are  driven  with  mallets  that  weigh  J  lb.;  smaller 
fuzes,  with  mallets  weighing  J  lb.  and  i  lb.;  21  blows,  in  volleys  of  3,  are  given 
to  every  ladleful  of  composition,  in  fuzes  over  24-pdr.,  the  drift  being  raised 
after  each  volley  ;  15  blows  to  each  ladleful,  in  smaller  fuzes. 

One  man.  in  l<>  hours,  can  drive  50  13-in.,  SO  &-in.,  120  to  150  smaller  fuzes. 

Fuzes  must  always  be  driven  to  the  same  height,  (or  which  purpose  the  last 
drift  must  be  marked.  They  are  primed  with  mealed  powder,  driven  with  the 
same  force  as  is  applied  to  a  ladleful  of  composition.  The  space  left  in  the  bore 
of  the  fuze  for  the  mealed  powder  is  about  0.2  in.  The  cup  is  tilled  with  mealed 
powder,  moistened  with  spirits  of  wine  or  strong  whiskey;  when  dry,  it  is 
covered   with   a   small   piece  of  paper,   over  which   is   pasted  a  cap  of  strong. 
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water-proof  paper,  marked  with  the  number  of  seconds  the  fuze  hums  to  the 
inch.  Fur  preservation  and  transportation,  the  fuze  is  capped  with  water-proof 
paper,  linen,  or  Berge,  tied  on,  and  lackered.  Fuzes  are  packed  with  tow,  in 
boxes  lined  with  water-proof  paper. 

Fuzes  may  be  driven  with  blind  fin   composition,  which   will  not  discover  the 
(light  of  a  shell  in  the  night : 

Compositions:  Mealed  powder.  Silted  wood  ashes. 

1 6  parts 1     parts. 

2 16  parts 9  J  parts. 

One  ladlcful  of  the  common  fuze  composition,  or  of  mealed  powder,  must  be 
driven  in  the  top  of  these  fuzes. 


Fuzes  for  Field  Service. 

The  fuze  for  field  shells  and  spherical  case  consists  of  a  paper  case,  which  is 
charged  with  fuze  composition,  and  is  inserted,  at  the  time  of  loading  the  gun, 
into  a  wooden  plug  previously  driven  into  the  fuze  hole,  as  described  at  page  254. 

Making  the  Paper  Cases.  The  case  is  made  of  a  strip  of  smooth  paper, 
rolled  hard,  on  a  mandril  0.35  inch  diameter,  and  glued,  after  the  first  turn,  with 
isinglass  glue.  The  strip  of  paper  is  in  the  form  of  a  rectangle  joined  to  a  tra- 
pezoid ;  it  is  rolled  from  the  large  end. 

Inches. 

Whole  length  of  the  paper 18. 

Length  of  the  rectangular  part 9. 

Width  of  the  rectangular  part 1.5 

Width  at  small  end 0.4 

I  ba  meter  oj  finished  case  before  (At  top 0.52 

being  cut [At  bottom 0.44 

Log  paper  (so  called),  or  thin  drawing  paper,  is  suitable  for  making  these  cases. 
The  dimensions  of  the  strip  of  paper  must  be  regulated  by  trial  with  the  kind  of 
paper  used. 

Alter  the  case  is  dry,  it  is  smoothed  by  rubbing  it  with  a  fine  file,  and  with 
sand  paper. 
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FUZE  COMPOSITIONS. 

MEALED  POWDER. 

SULPHUR. 

TIME  OF  BURN- 
ING  1   INCH. 

COLOR  OF 
FUZE. 

1 

1 

8 

8 
8 

0. 
3. 
3.5 
4.0 

2  seconds. 

3 

4 

5 

Black. 
Red. 
Green. 
Yellow. 

2 

3 

4 

The  materials  must  he  thoroughly  incorporated  by  being  carefully  ground  to- 
gether with  a  muller.  The  composition  should  always  be  tried  before  driving 
many  fuzes,  as  the  time  of  burning  is  subject  to  variation,  according  to  the 
quality  of  the  materials  and  their  manipulation. 

One  pound  of  composition  is  required  to  charge  100  fuzes. 

Charging  the  Fuze.  The  case  is  set  in  a  brass  die,  made  in  two  parts,  which 
are  held  together  by  a  strong  ring  or  socket  inserted  in  a  block  of  wood.  The 
composition  is  driven  in  the  usual  manner  with  a  half  pound  mallet,  with  15 
blows  to  each  ladleful  of  composition  ;  one  ladleful  makes  a  length  of  0.25  inch 
in  the  fuze. 

Cutting.  The  fuze  is  next  put  into  an  iron  gauge,  the  bore  of  which  has  the 
same  taper  as  the  fuze,  and  it  is  cut  off  at  both  ends,  with  a  saw  or  sharp  knife, 
to  the  proper  length.  It  is  then  stained  the  proper  color,  according  to  the  com- 
position used. 

Interior  diameter  of  cutting  gauge..  (  a*  ,to,\ J?"?*  ^f^' 

00     °        {  at  bottom 0.45      " 

Length 1. 


Fuzes  for  heavy  Guns,  Columbiads,  and  Howitzers. 

These  fuzes  are   made   in  a  similar  manner  to  those  for  field  service.     Their 
dimensions  are  as  follows: 

f  Whole  length 19.       inches. 

Paver  for  the  Case   J  Len?th  of  rectangle 6. 

raper  jor  the  Case,  j  Wjdih  Qf  rectang|e 225 

[Width  of  small  end ..0.4 

f  Diameter  at  top 0.53 

F„ze    J  "         at  bottom 0.4 

tu-e-  1  Length 2. 

[  Diameter  of  composition 0.3 
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Fuze  Compositions. 


MEALED 
POWDER. 


TIME  OF 
BURNING 
1    INCH. 


1 
2 

3 

26 
26 
20 

9 

9 
9 

1  1 
12 

in 

I  ii  v,.,-^. 

II  " 
20      " 

Materials   procured   from   Du- 
ponl's  powder  mills. 

The  time  of  burning  these  slow  compositions  is  subject  to  considerable  varia- 
tions, according  to  the  quality  of  materials  and  the  manipulation  in  mixing  them. 
In  making  these  fuzes,  therefore,  especial  care  should  be  taken  to  try  the  compo- 
sition used,  and  to  vary  the  proportions  so  as  to  produce  the  required  result. 
The  above  table  is  given  as  an  approximate  guide. 


PERCUSSION    CAPS    FOR    SMALL    ARMS. 

Making  the  Caps.  The  cap  for  small  arms  is  made  of  copper  ;  it  is  very 
slightly  conical,  with  a  rim  or  flanch  at  the  open  end  ;  it  has  four  slits,  extending 
about  half  the  height  of  the  cap. 

The  sheet  copper  for  making  the  caps  is  No.  24,  weighing  about  L3.S  02.  to  the 
square  fool.  It  is  obtained  in  sheets  4S  in.  X  1  '  '"■■  weighing  1  lbs. ;  the  copper 
should  be  pure,  well  annealed,  and  rolled  as  evenly  as  possible. 

The  copper  is  cleaned  by  being  immersed  in  a  pickle  made  of  1  part  (by 
measure)  of  sulphuric  acid  and  40  parts  of  water;  it  is  then  scoured  by  hand, 
with  fine  sand  or  saw  dust,  and  washed  clean  in  running  water;  after  which  it 
is  slightly  oiled  by  being  rubbed  with  a  rag  dipped  in  clear  ncatsloot  oil. 

The  caps  are  formed  by  a  machine  which  cuts  a  star  or  blank  from  the  sheet 
and  transfers  it  to  a  die  in  which  the  cap  is  shaped  by  means  of  a  punch.  For 
use  in  Boughton's  machine,  the  copper  is  first  cut  into  strips,  from  which  the 
blanks  are  cut  and  the  caps  formed;  Wright's  machine  cuts  the  blanks  from 
the  whole  sheet  and  forms  the  cap.  The  first  machine  makes  2.19(i  caps,  the 
second,  2,314  caps,  from  a  sheet  of  the  size  above  mentioned.  Each  machine 
can  make  about  5,000  caps  an  hour. 

1,000,000  of  caps,  empty,  weigh  1,162  lbs. 

Before  being  charged,  the  caps  are  cleaned  by  being  rolled  in  dry  saw  dust, 
but  if  only  a  small  quantity  of  good  oil  is  used,  this  operation  is  unnecessary. 

Percussion  Powder.  The  powder  with  which  the  caps  are  charged  consists 
of  fulminate  of  mercury,  mixed  with  half  its  weight  of  saltpetre. 
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To  prepare  the  fulminate  <\f  mercury.  In  a  glass  retort  or  bottle,  holding  about 
half  a  gallon,  dissolve  10  oz.  of  pure  mercury  in  5.5  lbs.  of  nitric  acid  of  the 
specific  gravity  of  1.40.  The  solution  may  be  made  at  the  ordinary  temperature 
of  the  air  in  summer;  in  winter  it  is  facilitated  by  placing  the  retort  in  a  water 
bath  heated  to  about  120°.  The  vapors  which  come  over,  being  very  deleterious. 
must  not  be  inhaled. 

When  the  solution  is  complete,  pour  the  liquor  into  a  glass  vessel  with  a  wide 
mouth,  or  a  glazed  stone  jar.  of  the  capacity  of  8  or  10  gallons,  into  which  5.75 
lbs.  of  alcohol,  of  the  specific  gravity  of  0.S5,  have  been  previously  poured— 
care  must  be  taken  to  pour  the  nitrate  of  mercury  on  the  alcohol:  the  reverse 
mode  of  mixing  would  be  attended  with  danger.  This  operation  must  be  per- 
formed at  a  sale  distance  from  the  fire,  as  the  fumes  of  ether  which  escape  are 
highly  inflammable,  and  great  heat  is  evolved  during  t he  effervescence  which 
ensues  from  the  mixture.  When  red  fumes  begin  to  appear,  they  must  be 
reduced  by  adding  a  small  quantity  of  alcohol.  The  proportion  of  alcohol  used 
in  the  whole  operation  varies  according  to  the  quality  of  the  acid  and  alcohol, 
and  perhaps  the  state  of  the  weather:  the  proper  quantity  is  best  determined  by 
trial  with  the  materials  made  use  of. 

When  the  effervescence  has  ceased,  a  precipitate  of  fulminate  of  mercury  will 
be  found  at  the  bottom  of  the  vessel;  this  must  be  repeatedly  washed  in  soft 
water,  until  the  water  no  longer  reddens  litmus  paper.  The  fulminate  is  in  the 
form  of  very  small  crystals,  of  a  light  gray  color  and  brilliant  surface.  If  the 
operation  is  well  performed,  no  metallic  mercury  will  be  reproduced.  The 
weight  of  the  fulminate  when  dried  is  about  13  per  cent,  greater  than  that  of  the 
mercury  used. 

If  the  proper  proportions  are  not  used  (or  if  the  materials  are  not  of  good 
quality),  the  product  will  be,  instead  of  fulminate,  an  impalpable,  yellow  powder, 
which  is  incombustible.  When  this  is  observed,  the  result  may  generally  be 
corrected  by  varying  the  proportion  of  alcohol  in  the  mixture. 

The  fulminate  of  mercury  is  kept  under  water,  in  jars  or  wide-mouthed  bot- 
tles, holding  about  2  lbs.  each,  which  should  be  preserved  from  frost. 

To  prepare  the  percussion  powder:  The  water  is  drained  from  the  fulminate,  and 
the  latter  is  partially  dried,  until  it  contains  only  '20  per  cent,  of  moisture.  In 
this  state  it  is  mixed  with  60  per  cent,  of  its  weight  of  refined,  pulverized  salt- 
petre;  the  paste  is  worked  with  a  spatula  and  a  wooden  muller,  on  a  wooden 
table,  until  the  ingredients  are  intimately  mixed.  While  still  in  a  moist  state, 
the  mixture  is  passed  through  a  common  hair  sieve;  it  is  then  dried,  with  great 
care,  in  the  sun,  or  in  a  room  warmed  by  flues.  When  quite  dry.  it  is  again 
passed  through  a  hair  sieve,  by  rubbing  it  with  the  hand,  or  with  a  leather  pad, 
so  as  to  reduce  it  to  a  fine  grained  powder,  but  not  to  dust,  when  it  is  ready 
for  use. 

The  dried  powder  is  put  into  varnished  wooden  or  paper  boxes,  holding  about 
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hall  a  pound  each,  which  should  be  kept  in  a  small  magazine,  standing  apart 
from  other  buildings. 

Charging  the  Caps.     The  charge  of  each  rap  is  half  a  grain  of  percusatQB 

powder,  which  is  put  into  the  cap  and  compressed  by  machinery  contrived  lor 
the  purpose.  In  one  of  these  machines  (made  at  Washington  Arsenal)  the  caps 
are  placed  by  hand  and  the  powder  is  supplied  flOm  a  small  hopper. 

In  Wright's  machine,  the  charging  is  combined  with  the  apparatus  for  making 
tin-  <  :i|)>.  The  caps  are  taken  up  as  they  are  formed,  and  they  are  charged  and 
pi — ed  without  handling;  this  machine  being  supplied  with  copper  in  sheets 
and  the  percussion  powder,  delivers  the  caps  ready  for  being  varnished,  at  the 
rate  of  5,000  an  hour. 

Varnishing  the  Caps.  In  order  to  lix  the  charge  in  the  cap  and  to  protect  it 
from  the  effects  of  moisture,  a  drop  of  varnish  is  put  into  each  cap. 

To  prepare  the  varnish.  Dissolve  1  lb.  of  the  best  gum  shellac  in  1  quart  of 
rectified  alcohol,  containing  95  per  cent,  of  pure  spirit.  The  solution  is  made  at 
the  ordinary  temperature  of  the  air  in  summer;  it  requires  about  20  days,  during 
which  it  must  be  frequently  stirred.  The  operation  is  found  to  be  much  hastened 
and  facilitated  by  putting  the  materials  into  a  small  rolling  barrel  made  of  tin. 
which  is  kept  in  motion  by  the  power  which  moves  the  machines. 

1  quart  of  alcohol  and  1  lb.  of  shellac  make  1.46  quart  of  varnish  ;  a  small 
quantity  of  alcohol  is  occasionally  added  for  thinning  the  varnish  when  it  is  used. 

To  apply  the  varnish.  The  caps  are  pui  into  holes  in  a  board  IT)  in.  by  12  in. 
and  .'25  in.  thick;  500  in  each  board.  This  is  quickly  done  by  taking  a  parcel  ol 
caps  on  the  board  and  shaking  it  sideways,  the  caps  settling  themselves  in  the 
holes.  When  the  boards  are  filled,  the  defective  caps  and  those  which  have  lost 
their  charge,  are  easily  detected  by  the  eye.  The  varnish  is  contained  in  a  glass 
tube,  furnished  with  a  sliding  valve  of  iron  wire,  which  allows  a  drop  of  varnish 
to  escape,  when  the  tube  is  pressed  in  the  bottom  of  the  cap.  In  this  manner  a 
boy  or  a  girl  can  varnish  5,000  or  0,000  an  hour;  or  the  varnish  may  be  applied 
by  in.  his  of  a  simple  machine;  about  twenty  boards  are  used  ;  the  caps  remain 
in  them  30  or  40  minutes,  when  the  varnish  is  sufficiently  set  for  them  to  be 
turned  out  into  a  tray,  for  drying.  These  trays  may  be  lb  in.  long,  12  in.  wide, 
and  2  in.  deep,  to  contain  5,000  caps  each.  The  caps  should  be  exposed  for  21 
hours  in  a  room  healed  to  about  100°;  they  are  then  put  into  bags,  and  may  be 
kept  2  or  3  days  more  in  a  temperature  of  about  120°,  belore  they  are  packed  in 
boxes. 

Fifteen  quarts  of  varnish  are  required  lor  1  ,(1110,00(1  of  caps,  and  about  3  quarts 
of  alcohol  for  thinning  the  varnish  and  cleaning  the  tubes. 

Weight  of  1,000,000  caps  charged  and  varnished,  1,233  lbs. 

Packing.  The  caps  are  put  into  bags  of  strong  linen,  10,000  in  a  bag.  These 
bags  are  made  like  cartridge  bags  for  field  service;  0  in.  diameter  and  13.5.  in. 
deep.     They  are  marked  with  the  place  and  date  of  fabrication. 

Weight  of  bag,  with  10,000  caps,  12.5  lbs. 
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Ton  of  these  bags  are  packed  in  one  box. 

The  packing  boxes  are  made  of  white  pine,  1  in.  thick;  the  sides  and  ends 
dovetailed  together.  The  top  is  fastened  wilh  six  2-inch  wood  screws.  They 
have  brackets  for  rope  handles,  on  the  ends. 

Interior  dimensions  of  box:  Length  30  in.;  width  12  in.;  depth  9.5  in.  Weight 
30  lbs. 

The  bags  are  packed  tight  in  tow.  The  boxes  are  lined  with  thick  paper:  they 
are  painted  olive  color,  and  marked  on  the  ends  with  the  number  and  kind  of 
contents  and  the  date  of  fabrication.  The  place  and  date  of  fabrication  are 
marked  also  on  the  inside  of  the  cover. 

Weight  of  box  packed  with  100.000  caps,  155  lbs. 


Materials  required  for  1,000,000  Caps. 

For  the  oops:       1,S00  lbs.  sheet  copper,  of  which  about  one-third  is  returned  in 

scraps. 
For  the  powder :       43  lbs.  mercury. 
3S2  lbs.  nitric  acid. 
400  lbs.  alcohol. 
24  lbs.  saltpetre. 
For  the  varnish:     10.25  lbs.  gum  shellac. 

13  quarts  alcohol. 
For  bags:  32  yards  of  brown  linen,  J  yard  wide. 

For  boxes:  200  feet  of  white  pine  boards. 


Friction  Primers  for  Cannon. 

A  friction  primer,  for  cannon,  consists  of  a  tube  charged  with  gunpowder,  to 
the  top  of  which  is  fastened  a  cup  containing  friction  powder,  which  is  exploded 
by  means  of  a  slider  pulled  out  with  a  lanyard. 

The  tube  is  made  of  sheet  brass  No.  22 ;  it  is  formed  by  drawing  a  strip  of 
brass  .65  in.  wide  and  3  or  4  feet  long,  through  a  hole  0.195  in.  diameter,  and  cut- 
ting it  into  lengths  of  1.6  in.  One  end  of  the  tube  is  slit  into  four  parts  0.075  in. 
deep,  for  the  purpose  of  fastening  it  to  the  cup. 

The  cup  is  made  of  sheet  brass  No.  30,  cut  with  a  punch  into  pieces  1.8  in.  by 
0.65  in.,  with  a  hole  of  the  size  of  the  tube. 

The  slit  end  of  the  tube  is  passed  through  the  hole  in  the  cup,  and  the  ends 
are  turned  over  and  hammered  down  close,  to  secure  it  in  place. 

The  slider  is  made  of  sheet  brass  No.  22,  cut  into  strips  2.3  in.  by  0.2  in.  and 
doubled  lengthwise  over  a  mandril  0.2  in.  diameter,  which  forms  the  eye  for  the 
hook  of  the  lanyard. 
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The  bottom  of  the  cup  and  one  side  of  the  slider  are  made  rough. 

Charging.  A  charge  of  four  grains  of  friction  powder,  in  a  moist  stale,  is 
spread  in  the  cap,  and  the  slider  is  placed  on  it,  with  the  rough  side  next  the 
powder:  the  sides  and  ends  of  the  cup  are  then  doubled  over  the  slider  and 
pressed  down  firmly  on  it. 

The  tube  is  filled  like  common  printing  tubes,  with  a  paste  of  mealed  powder 
moistened  with  whiskey  ;  a  wire  is  passed  in  it,  to  leave  an  opening  in  the  tube. 

Varnishing.  The  primers  are  coated  all  over  with  a  lacker  of  asplialtum  dis- 
solved in  spirits  of  turpentine,  or  with  shellac  varnish.  When  dry.  they  are  put 
up  in  bundles  of  10,  and  wrapped  in  water-proof  paper. 

Friction  Powder.  The  powder  is  composed  of  equal  parts  of  chlorate  of 
potash  a  ml  sulphur  et  of  antimony,  moistened  with  alcohol  and  mixed  together  in 
a  wet  state. 

Lanyard.  The  lanyard  for  pulling  off  the  primers,  is  a  piece  of  strong  cod 
line  (about  .2  in.  thick)  12  feet  long;  to  one  end  is  attached  a  small  iron  hook, 
with  an  eye  for  the  line,  and  to  the  other  end,  a  wooden,  toggle  .75  in.  diameter 
and  4  inches  long. 

When  the  primers  are  kept  dry,  not  more  than  one  in  a  hundred  will  mis^  lire. 
If  injured  by  moisture,  they  become  serviceable  again  when  dried. 


Materials  for  making  1,000  Friction  Primers. 

Sheet  brass  No.  22 11.5      lbs 

Do.        No.  30 4.5 

Chlorate  of  potash 0.375     " 

Sulphuret  of  antimony 0.375     " 

Mealed  powder 1.25       '• 

Whiskey 1  quart. 

Weight  of  1,000  primers  finished,  13.25  lbs. 
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Percussion  Primers  for  Cannon. 

CeMP  imtion  :  I  at  fulminating  mercury  anil  |  of  the  following  composition  : 

oz. 

Chlorate  of  potash 6 

Sulphur 12 

Gunpowder I 

Antimony i 

To  prepare  this  composition:  Grind  the  chlorate  of  potash  on  a  marble  slab. 
with  a  little  water;  add  the  antimony  and  rub  them  well  together,  with  water 
enough  to  make  a  stiff  paste;  then  add  the  sulphur  and  the  gunpowder  succes- 
sively, and  mix  the  whole  thoroughly.  The  composition  must  be  kept  in  glass 
or  tin  ;  when  dry  it  explodes  by  percussion. 

To  make  the  primers:  Add  the  fulminating  mercury  to  the  above  composition 
in  a  moist  state,  and  mix  them  together,  on  glass  or  marble,  with  a  wooden  or 
ivory  spatula ;  mould  this  paste  into  lozenges,  0.4  inch  diameter  and  0.04  inch 
thick;  put  the  lozenges  between  two  circular  pieces  of  musket  cartridge  paper 
0.8  inch  diameter,  which  are  united  by  isinglass  glue  and  pressed  firmly  together; 
dry  them  and  cut  the  paper  with  a  circular  cutter  0.0  inch  in  diameter. 

Coat  the  primers  with  mastic  varnish,  or  a  solution  of  sealing  wax  in  spirits 
oi~  wine,  or  with  other  water-proof  varnish  ;  keep  them  in  glass  bottles. 

The  cup  of  a  quill  tube  may  also  be  used  to  contain  the  fulminating  composi- 
tion, the  barrel  of  the  tube  being  charged  with  rifle  powder. 

Or  the  wafer  may  be  made  to  form  the  bottom  of  a  paper  cap,  which  fits  on 
the  hammer  of  the  lock. 

FIREWORKS  FOR  SIGNALS,  LIGHTS  AND  INCENDIARY  PURPOSES. 

All  dry  compositions  must  be  well  mixed,  first  by  the  hands,  and  then  by  being 
passed  several  times  through  a  line  hair  sieve,  in  order  that  the  ingredients  may 
be  thoroughly  incorporated.  In  mixing  compositions  which  require  the  use  of 
fire,  the  greatest  precautions  are  necessary,  particularly  for  those  in  which  gun- 
powder enters.  The  dry  parts  of  the  composition  may,  generally,  be  mixed 
together  first,  and  put  by  degrees  into  the  kettle  when  the  other  ingredients  are 
fluid,  being  well  stirred  all  the  time.  When  the  dry  ingredients  are  very  inflam- 
mable, the  kettle  must  not  only  be  taken  oil  from  the  fire,  but  the  bottom  of  it 
must  be  dipped  in  water,  to  prevent  the  possibility  of  accidents. 
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Signal  Rockets. 

I.mit.kmk.ms.  Formers,  for  rolling  the  cases  on — rolling  bench — callipers,  for 
measuring  the  diameter  of  the  case — 3  hollow  drifts,  bored  lo  admit  the  spindle 
of  the  mould — 1  solid  drift— former  for  the  cone— former  for  the  pot — mould  ami 
tptndle — charging  ladle — mallets — knives — scissors — gimlets,  for  piercing  the  clay 
heads — press  and  crank,  for  rolling  the  cases — choking  machine. 

The  dimensions  of  moulds,  implements  and  rockets,  are  proportioned  to  the 
diameter  of  the  orifice  of  the  mould,  or  the  exterior  diameter  of  the  rocket.  The 
usual  sizes  are  1.5  in.  and  2  in. 

Height  of  the  base  of  the  mould 1     diameter  of  the  orifice. 

Height  of  the  mould GJ  •' 

Exterior  diameter  of  the  mould 1$  i; 

Height  of  the  spindle 3£  " 

Nipple * h 

Length    of  the    screw    of  the  spindle") 

which    passes    through    the    foot   of /l  " 

the  mould J 

Thickness  of  the  f  At  the  top J  '• 

>(>in<lle I  At  the  bottom J 

Thickness  of  the  f  At  the  top 3  " 

nipple {  At  the  bottom 3  " 

Thickness  of  the  base  equal  to  its  height. 

Moulds  for  rockets  are  cast  in  one  piece  and  bored  to  the  proper  calibre. 

Spindles,  with  their  nipples,  are  made  of  cast  steel;  the  base  and  screw,  of 
iron. 

Drifts  and  formers  are  made  of  brass,  or  of  hard,  seasoned  wood.  The 
wooden  drifts  are  tipped  with  copper  J  of  an  inch  thick,  which  is  let  into  the 
wood  without  exceeding  the  size  of  the  drift — the  first  drill  is  pierced  so  as  to 
receive  the  whole  length  of  the  spindle;  the  second  to  receive  5;  the  third  J;  the 
fourth  solid.  Each  drift  has  a  handle  4  or  5  inches  long,  and  somewhat  larger 
than  the  body  of  the  drift;  the  top  strengthened  by  a  band  of  copper.  The 
diameter  of  the  former  for  cases  is  3  that  of  the  orifice  of  the  mould — one  end  is 
pierced  to  receive  the  tap  of  a  piece  of  the  same  diameter  as  the  former,  and  1§ 
diameter  long — the  diameter  of  the  tap  or  small  part  of  this  piece,  which  enters 
into  the  former,  for  choking  the  case,  is  3  of  the  interior  diameter  of  the  mould. 
The  diameter  of  the  ladle  for  charging  a  rocket  is  equal  to  the  interior  diameter 
of  the  rocket,  and  the  length  I  J  diameter — it  holds  as  much  composition  as,  when 
driven,  will  measure  in  height  one-half  of  the  interior  diameter  of  the  case. 

Mallets  for  driving  1.5  in.  and  2  in.  rockets  weigh  about  two  and  three  pounds 
respectively. 
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Interior  diameter  of  rocket  case 3  exterior  diameter. 

Height  of  former 10  " 

f  1st  drift  without  the  handle f>5  " 

|  -2d  drift  do  4 

T         .,  !  3d  drilt  do  2i  " 

Length...  Uthdm  do  n 

former  for  pot 2£  " 

[  former  for  cone 15 

("former <t  " 

,..  :  drift §  " 

Diameter. J,  f 

[  base  of  cone 15 

The  former  for  cones  has  a  handle  3  inches  long  in  the  centre  of  the  base. 

Making  rocket  cases.  A  sheet  of  paper  No.  4  makes  2  strips  for  a  2  in.  or  an 
1.5  in.  rocket,  l>y  cutting  it  parallel  to  the  short  or  the  long  side  respectively. 
The  former  is  first  enveloped  with  a  sheet  of  strong,  smooth  paper  which  is 
pasted  after  the  first  turn,  and  rolled  tight  in  the  press  ;  the  other  strips  of  paper 
are  then  rolled  on  the  former  in  the  same  manner,  until  the  case  has  attained  the 
requisite  size. 

To  choke  the  case.  Wrap  a  piece  of  strong  paper  over  it,  at  the  joint  in  the 
former,  to  prevent  the  cord  from  chafing  it ;  take  a  turn  around  it  with  the 
choking  chord,  and  press  on  the  treadle,  turning  the  case  at  the  same  time,  and 
drawing  out  the  small  part  of  the  former  as  the  paper  contracts ;  wrap  the  choke 
firmly  with  strong  twine.  Let  the  case  dry  slowly,  and  when  perfectly  dry,  trim 
it  to  the  proper  length,  so  that  the  distance  from  the  middle  of  the  choke  to  the 
bottom  and  top  of  the  case  shall  be  equal  to  the  distance  from  the  bottom  of  the 
spindle  to  the  bottom  and  top  of  the  mould  respectively. 


COMPOSITIONS. 

Nitre. 

Sulphur. 

Charcoal. 

Steel  filings. 

1 
2 

3 

16 
10 

4 
2 
2 

6 
3 
3 

4 

Driving  Rockets.  The  composition  must  be  well  mixed  by  passing  it  through 
fine  sieves  and  by  rubbing  it  in  the  hands  ;  the  charcoal,  being  the  lightest  ingre- 
dient, must  be  added  after  the  nitre  and  sulphur  have  been  mixed  ;  steel  filings 
or  antimony  should  be  added  after  the  charcoal.  Whilst  driving  the  rocket,  the 
composition  must  be  frequently  stirred  to  prevent  the  settling  of  these  heavy 
materials  to  the  bottom.  The  clay  which  is  driven  in  the  top  is  pierced  with  a 
gimlet  to  the  composition  ;  through  this  hole  the  fire'communicates  to  the  burst- 
ing charge  in  the  pot  which  contains  the  ornaments. 
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To  put  '■'■  •  -  in  the  mould.  Place  it  with  the  choked  <■  ml  down,  over  Ihe 
spindle,  and  settle  it  with  a  mallet  until  it  rests  on  the  base  of  the  spindle  ;  then 
set  the  mould  over  it  and  key  it  to  the  base. 

To  drive  the  rocket.  The  hollow  drifts  are  first  used,  taking- the  shorter  drifts 
as  the  case  lills.  until  the  composition  reaches  the  top  of  the  spindle:  then  drive 
1  diem,  in  height  with  the  solid  drill,  cover  this  with  a  patch  of  Stiff  paper  cut 
to  tit  the  ease,  and  over  this  patch  drive  a  wad  \  diam.  high,  of  clay,  or  of  plas- 
ter of  Paris  slightly  moistened  with  water. 

Rockets  are  sometimes  driven  solid  throughout,  and  afterward  bored  with  a 
lap  of  the  form  of  a  spindle. 

A  rocket  is  primed  with  a  piece  of  quick-match  about  2  feet  long,  which  is 
coiled  in  the  bottom  of  the  case,  and  covered  with  a  cap  of  strong  paper  pasted 
down  or  tied  in  the  choke. 

The  force  to  be  employed  in  driving  rockets  depends  on  their  size:  A  rocket 
l.S  in.  diam.  receives  25  smart  blows,  and  a  2  in.,  30  blows  of  the  mallet,  on  each 
la  diet  ill  of  composition. 


Ca>e  ready  for  ehargin 

i  lase  charged 

Rocket  finished 


2-in. 

l.5-in. 

Oz. 

Oz. 

<.!', 

1 

16 

8 

20 

10 

Pots  for  Rockets,  are  made  of  rocket  paper;  two  or  three  turns  of  paper  are 
rolled  upon  a  former  of  the  same  diameter  as  the  rocket,  being  well  pasted, 
except  the  interior  or  first  turn  upon  the  former.  I'he  pot  is  two  diameters  long, 
and  is  secured  in  its  place  on  the  rocket  by  paste  and  an  exterior  covering  ol 
line  paper.  The  interior  depth  of  the  pot,  when  attached  to  the  rocket,  is  one 
diameter  ami  a  half. 

Cones  are  made  of  rocket  paper,  which  is  cut  into  circular  pieces  equal  in 
diameter  to  twice  the  length  of  the  cone  intended  to  be  made  ;  each  piece,  being 
cut  in  half,  makes  two  cones.  They  arc  rolled  upon  the  former,  pasted  and  dried 
for  use.  In  applying  the  cone  to  the  rocket,  its  base  is  cut  to  the  same  diameter 
as  the  exterior  of  the  rocket  on  which  it  rests  ;  it  is  then  lilled  with  tow,  to  ena- 
ble it  the  better  to  resist  the  action  of  the  air,  without  much  increasing  its 
weight  ;  it  is  confined  in  its  position  by  another  cone  made  of  line  paper,  about 
an  inch  longer  than  the  interior  cone;  this  outside  cone  must  have  its  base  cut 
in  slips,  which  being  well  pasted,  unite  with  the  sides  of  the  rocket  or  pot  and 
firmly  secure  the  interior  cone  ;  a  narrow  slip  of  line  paper  is  then  pasted  over 
the  bottom  of  the  exterior  cone,  as  a  finish  to  the  head  of  the  rocket. 
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Sticks  fob  RoCKETa  are  made  of  dry  pine  or  other  light  wood  ;  the  length  is 
I'.U  diameters,  or  9  times  the  length  of  the  case  ;  the  large  end  which  is  attached 
to  the  rocket  is  J  the  exterior  diameter  square,  diminishing  to  one-half  of  that 
thickness  at  the  lower  end  ;  in  the  large  end,  a  groove  is  made  of  a  length  5  that 
o(  the  rocket  case,  in  which  the  rocket  is  tied  ;  the  end  of  the  stick  is  beveled 
off,  to  present  less  resistance  to  the  air;  just  below  this  bevel,  and  also  opposite 
to  the  choke  ot  the  rocket,  notches  are  cut  out  to  receive  the  twine  with  which 
the  rocket  is  fastened  to  the  stick.  The  poise  of  rockets  should  be  verilied  by 
balancing  them  on  a  knife  edge.  Those  of  an  exterior  diameter  under  \]  in. 
should  lie  balanced  at  3  diameters  from  the  neck;  those  of  a  diameter  between 
that  and  '2  in.,  at  2$  diameters;  and  those  of  greater  dimensions,  at  2  diameters. 
All  these  dimensions  and  precautions  should  be  strictly  observed,  for  if  the  stick 
be  too  light,  the  rocket  will  not  rise  vertically,  and  if  the  stick  be  too  long  and 
heavy,  it  will  rise  slowly  and  not  arrive  at  its  proper  height. 


Decorations  for  Rockets. 

The  pots  of  rockets  are  charged  with  various  decorations,  as  stars,  serpents, 
gold  rain,  rain,  of  fire,  marrons,  crackers,  etc  ,  and  with  about  half  a  charging 
ladleful  of  powder. 

Stars  are  the  most  beautiful  decorations  of  rockets.  They  are  made  by  driv- 
ing the  composition,  moistened  with  alcohol  and  a  small  quantity  of  gum  arabic 
solution,  in  portfire  moulds  without  any  paper  case,  and  with  a  moderate  number 
of  blows;  they  are  cut  into  lengths  of  about  £  of  an  inch,  and  dredged  with 
mealed  powder.  A  more  expeditious  and  better  mode  of  making  them  is.  to 
mould  them  in  a  brass  cylinder  of  the  diameter  desired  for  the  stars,  and  push 
them  out  with  a  rammer,  cutting  them  into  proper  lengths  as  they  are  formed. 
Stars,  after  being  dredged  with  mealed  powder,  must  be  dried  in  the  shade.  The 
gum  arabic  used  in  star  composition  is  intended  to  give  such  consistency  to  the 
stars  that  the  explosion  of  the  head  of  the  rocket  may  not  break  them  in  pieces 
and  thereby  destroy  the  effect. 


i  <>\|  POSITIONS. 

Nitre. 

Sulphur. 

Mealed  powder. 

Antimony. 

1 

2 
3 

L6 

ltl 
16 

S 
7 
3 

3 
4 
4 

1.5 

SERPENTS  are  driven  in  small  cases  made  of  rocket  paper  or  playing  cards, 
rolled  over  a  former  0.4  inch  in  diameter  and  covered  with  two  thicknesses  of 
stion-.  tine    paper,  the  last   turn  of  which  is   pasted.     When  dry,  these  cases  are 
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choked  ai  one  end.  without  being  entirely  closed,  and  are  then  charged  about  3 
of  their  length  with  composition  by  means  of  a  small  mallet,  a  drill  and  a  block 
of  wood  with  a  hole  bored  in  it,  to  receive  nearly  the  whole  length  of  the  case. 
The  case  is  choked  over  the  composition,  and  the  remainder  of  it  is  nearly  filled 
with  mealed  powder,  upon  which  a  small  paper  wad  is  placed  ;  a  clay  head  is 
then  driven  on  it  and  the  end  of  the  case  turned  down,  to  secure  it;  the  other 
end  is  opened  with  a  punch  and  primed  with  priming  paste,  or  a  email  strand  of 
quick  match.  Serpents  are  placed  perpendicularly  in  the  pot,  with  the  primed 
end  downward. 


1  'Ml  POSI- 

Nitre. 

Sulphur. 

Mealed 
powder. 

Charcoal. 

Steel  filings. 

TIONS. 

1 

3 

o 

16 

4 

2 

If) 

4 

— 

2\ 

3 

16 

2 

4 

6 

4 

16 

4 

4 

2 

6 

GroLD  Rain  is  made  in  the  same  manner  as  stars,  observing  to  cut  or  mould 
the  composition  into  pieces  of  equal  size.  The  effect  of  this  decoration  is  beauti- 
ful, and  it  is  less  troublesome  than  serpents. 


<  'IMPOSI- 
TIONS. 

Nitre. 

1 

i 

o 

16 

3 

16 

Sulphur. 


10 


Mealed 
powder. 


Char- 
coal. 


Pulveriz'd 
soot. 


German 
black. 


Dis- 
solved 

gum. 


Rain  of  Fire  is  made  with  small  cases  0.3  in.  diameter  and  2  in.  long;  two 
thicknesses  of  paper  are  sufficient  for  them.  The  end  of  the  case  is  closed  and 
it  is  charged  and  primed  like  that  for  a  serpent,  omitting  the  powder  for  a 
cracker. 

Composition.  Mealed  powder  16 — Charcoal  6.  Another  kind  which  shows 
in  sparks  is  made  of  camphor  16  parts,  nitre  8,  mealed  powder  8,  tow  8.  The 
composition  is  formed  into  a  very  liquid  paste  with  gummed  brandy  ;  tow  chop- 
ped fine  is  put  into  the  paste,  and  rolled  into  small  balls  about  the  size  of  buck- 
shot: when  they  have  imbibed  sufficient  composition,  they  are  rolled  in  mealed 
powder  and  dried. 
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Markons,  are  cubes  filled  with  grained  powder,  and  enveloped  with  two  or 
three  layers  of  strong  twine  or  marline;  to  give  them  more  consistency  they 
arc  dipped  in  kit;  they  are  primed  by  punching  a  small  hole  in  one  corner  and 
inserting  quick  match.  They  are  made  of  strong  pasteboard,  cut  into  the  form 
of  a  parallelogram  whose  sides  are  in  the  proportion  of  3  to  5,  divided  by  4  cuts 
from  each  side  extending  J  of  the  width  and  at  equal  distances  apart,  which  pre- 
pare the  paper  for  folding  into  the  form  of  a  cube  of  the  size  of  one  of  the  small 
squares  thus  marked  out. 

Packing  Rockets.  The  sticks  are  tied  up  in  bundles;  the  rocket  case  is 
wrapped  with  tow  so  as  to  be  larger  than  the  pot,  the  tow  being  confined  with  a 
piece  of  twine  long  enough  to  tie  on  the  stick.  The  rockets  are  placed  in  a  box 
on  a  bed  of  tow  laid  under  the  choke,  and  they  are  pressed  closely  together ;  tow 
is  then  carefully  stuffed  in  between  the  heads  of  the  rockets;  each  tier  is  also 
covered  with  tow. 

War  Rockets. 

The  cases  of  war  rockets  are  made  of  sheet  iron,  lined  with  paper,  or  wood 
veneer.  The  head  is  of  cast  iron,  and  may  be  either  a  solid  shot,  or  a  shell  with 
a  fuze  communicating  with  the  rocket  composition.  The  case  is  usually  charged 
solid,  by  means  of  a  ram,  or  a  press,  and  the  core  is  then  bored  out. 

The  dimensions  of  war  rockets  are  indicated  by  the  exterior  diameters  of  the 
cases. 

These  rockets  have  been  made  of  two  kinds,  viz: 

1.  The  Congreve  rocket,  which  has  a  directing  stick  fastened  to  the  tail  piece,  in 
the  axis  of  the  rocket. 

2.  Halt's  rocket,  which  requires  no  stick,  its  direction  being  maintained  by  a 
peculiar  arrangement  of  holes  in  the  tail  piece,  through  which  the  flame  issues. 

War  rockets  are  usually  fired  from  the  tubes  or  troughs,  mounted  on  portable 
stands,  or  on  light  carriages. 

For  some  memoranda  of  the  ranges  of  Hale's  rockets,  see  Chapter  XIII. 

Fire  Stone. 

Composition. — Rosin 3  parts. 

Sulphur 4  parts. 

Nitre 10  parts. 

Regulus  of  antimony 1  part. 

Pulverize  these  materials  separately  ;  mix  them  with  the  hands,  and  sift  them 

three  limes.     In  a  furnace  of  the  second  kind  (p.  230),  or  in  an  iron  kettle  in  the 

open  air,  melt  together  1  part  of  mutton  tallow  and  1  ol'  turpentine;  add  the  above 

composition,  a  small  quantity  at   a  time,  stirring  the   mixture  constantly  with 

19 
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large  wooden  spatulas.     Let  one  portion  of  the  composition  be  melted  before  the 

next  is  added,  and  work  with  great  precaution,  to  prevent  it  from  talcing  lire. 
The  composition  is  cast  into  cakes,  or  into  cylindrical  moulds.     These  moulds 

are  made  of  paper  and  are  of  two  sizes  :  No.  1,  for  13-in.  and  10-in.  shells  ;  No. 

.',  it  S-inoft,  -12-pdr.  and  32-pdr.  In  the  axis  of  the  cylinder  a  small  paper  tube 
is  placed,  to  contain  the  priming.  The  cases  of  the  moulds  are  about  .05  in. 
thick;  they  are  made  by  rolling  rocket  paper  on  a  lormer.  and  fastening  it  with 
glue.     The  priming  tubes  are  made  with  4  turns  of  musket  cartridge  paper. 

The  moulds  are  supported  by  a  frame  of  wood,  in  the  bottom  part  of  which 
are  fastened  a  number  of  spindles  to  support  the  priming  tubes.  To  the  upper 
part  of  this  frame  a  tin  pan  is  fixed,  having  cylindrical  spouts  attached  to  the 
under  side,  to  support  the  upper  ends  of  the  moulds;  the  frame  may  contain  30 
moulds  in  two  rows. 

When  the  composition  has  become  solid,  take  the  cylinders  out  of  the  frame, 
and  trim  them  ;  charge  the  priming  tubes  with  the  composition  No.  1  for  mortar 
fuzes,  driven  with  21  blows  of  the  mallet,  and  dip  the  ends  of  the  cylinder  in 
mealed  powder. 


DIMENSIONS  OF  CYLINDERS,  ETC. 


No.  1. 


No.  2. 


In. 

Diameter  of  former  for  making  the  case 1.3 

Length  of        ditto 12. 

Exterior  diameter  of  the  case 1.1 

Length  of  the  case 3. 

l)ia meter  of  former  for  priming  tubes i        0.2S 

Length  of        ditto 6. 

Diameter  of  the  spindle  of  the  mould 0.2 

Length  of  the  spindle  above  the  base -1  .25 

i  Lbs. 

Quantity  of  composition  for  100  cylinders 18 


In. 

0.9 
12. 
1. 
3. 

0.25 
6. 

0.2 

I.  •_>.'> 

Lbs. 

10 
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Valenciennes  Composition. 

Nitre 50  parts. 

Sulphur 38  parts. 

Antimony IS  parts. 

Rosin 6  parts. 

The  composition  is  cast  in  cylindrical  copper  moulds  ("i  inches  long,  of  a 
diameter  to  suit  the  shell  in  which  it  is  to  he  used.  It  is  used  as  an  incendiary 
composition,  in  charging  shells,  and  is  inserted  along  with  the  bursting  charge, 
in  pieces  as  large  as  the  shell  will  admit  without  interfering  with  the  fuze. 


Carcasses. 

CALIBRE. 

13.in. 

10-in 

8-in. 

42-pdr. 

32-pdr. 

24-pdr. 

18-pdr. 

Lbs. 
19 

Lbs.  oz. 
7     8 

Lbs.  oz. 
4    4 

Lbs.  oz. 
2    8 

Lb,  oz. 
1    14 

Lb.  oz. 
1    10 

Lb.  oz. 
1    1 

Composition. — A  solution  of  equal  parts  of  white  turpentine  and  spirits  of 
turpentine,  incorporated  with  as  much  portfire  composition  as  will  give  the 
whole  a  compressible  consistency  :  the  portfire  composition  must  be  previously 
mixed  with  a  small  quantity  of  finely  chopped  tow.  When  properly  incorpo- 
rated, this  composition  is  compactly  pressed  into  the  carcass  with  a  drift,  so  as 
to  till  it  entirely.  Sticks  of  wood  of  about  i  inch  diameter  are  then  inserted 
into  each  hole  of  the  carcass,  in  such  a  manner  as  to  meet  in  the  centre  of  the 
composition,  in  order  that,  when  they  are  withdrawn,  as  many  holes  shall  remain 
in  the  composition,  in  the  same  direction  ;  in  every  hole  thus  formed,  inserti 
three  strands  of  quick  match,  of  a  length  suilicient  to  allow  of  their  being  folded 
over  the  edge  of  the  hole  two  or  three  inches;  some  dry  portfire  composition 
must  then  be  pressed  into  th*»  interstices,  to  keep  the  quick  match  fast  in  its- 
place.  Carcasses  may  be  filled  with  the  above  composition,  omitting  the  tote,  or 
with  fire  stone,  and  the  holes  may  be  bored  with  a  gunner's  gimlet  before  the 
composition  becomes  hard.  The  quick  match  must  be  coiled  into  the  holes  and 
secured,  until  the  carcass  is  wanted,  by  fastening  a  small  cotton  patch  ov«r  the 
holes  with  kit. 

Common  sheik  may  be  loaded  and  used  as  carcasses  in  the  following  manner: 
The  bursting  charge  is  placed  in  the  bottom  of  the  shell  in  a  flannel  bag,  over 
which  carcass  composition  is  driven  until  the  shell  is  nearly  filled;  then  insert  4 
or  5  strands  ol  quick  match  which  must  be  secured  by  driving  more  composition 
upon  it.     These  shells,  after  burning  as  a  carcass,  explode.. 


292 


AMMUNITION     AND     FIR  E  WORKS. 


Fire  Balls. 

Fire  balls  are  projectiles  of  an  oval  shape  formed  of  sacks  of  canvas,  filled 
with  combustible  composition.  They  are  n~ed  to  light  up  the  enemy's  works 
and  are  loaded  with  shells,  to  prevent  them  from  being  approached. 

The  sacks  are  made  of  strong  and  close  canvas  (sail  cloth),  which  may  be  cut 
straight  and  gathered  at  the  ends;  or  more  ntatly,  cut  in  three  gores  or  curved 
pieces,  to  form  a  ball.  They  are  made  of  two  or  three  thicknesses  of  stutf,  ac- 
cording to  its  strength,  and  the  pieces  are  sewed  together  with  strong  thread. 
One  end  is  left  open,  or  the  bag  may  be  attached  to  an  iron  hoop,  forming  a 
mouth  lor  charging  it;  this  mouth  must  be  large  enough  to  admit  the  shell  with 
which  the  fire  ball  is  loaded.  After  being  sewed,  the  sack  is  turned,  to  bring  the 
seams  inside. 


COMPOSITION. 


13-in.     10-in.     8-in. 


Rosin 

Pitch 

.M utton  tallow 

Spirits  of  turpentine. 

Linseed  oil 

Gunpowder 

Dry  composition 

(  'hopped  tOW 


Dry  composition,  additional 


i  Before   inserting  the  tarrei 
Height  of  ,,       ...        ° 

the  shell. 


ink  and  aboue 


composition.      .lM    ,     .     .   .. 

1  (  \V  hole  height 

rr-         ill      f  Exterior  diameter. 
1  arred  link  .  {  m,  ■    , 

(  J  bickness 


Lbs. 

Lbs. 

S. 

f)..r) 

•1. 

2 . 75 

1.5 

1. 

1. 

0.66 

1. 

0.66 

12. 

8'. 

10. 

6.66 

1. 

0.6G 

2. 

1.33 

In. 

In. 

1. 

1. 

12. 

10. 

6.5 

6. 

2. 

1.75 

'.' . ::. 
I. 'Jo 

0.5 

0.33 

0.33 

4. 

3.33 

0.33 

0.66 

In. 

0.5 

8. 

4.75 

1.5 


The  dry  composition  consists  of: 

Beeswax 0.6C 

Nitre 1G. 

Flowers  of  sulphur 6. 

Inflammable  saw  dust 1.08 

Regit lus  of  antimony 2.06 

Gunpowder 1. 

Melt  the  beeswax  over  the  fire  and  add  the  nitre  to  it  ;  when  the  mixture  is 
about  to  melt,  take  it  off  from  the  fire  and  stir  in  the  sulphur;  then  add  the  saw 
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dust,  the  antimony,  and  lastly,  the  powder,  and  mix  them  with  the  hands.  Work 
with  great  caution  against  their  taking  tire. 

To  prepare  the  inflammable  saw  dust :  Boil  the  saw  dust  in  a  solution  of  half  its 
weight  of  nitre  dissolved  in  an  equal  quantity  of  water — crude  nitre  or  damaged 
gunpowder  may  he  used  for  this  purpose.  Evaporate  to  dryness,  stirring  fre- 
quently ;  then  spread  out  the  saw  dust,  to  become  perfectly  dry  before  being 
used. 

To  prepare  the  .shell :  A  32-pdr.  shell  is  put  into  a  13-inch  fire  ball;  a  2-l-pdr., 
into  a  10-ioch  :  a  12-pdr.,  into  an  S-ineh.  The  shell  being  charged  with  powder, 
put  in  a  slow  fuze.  Dip  the  tarred  link  into  the  melted  rosin,  pilch,  and  tallow, 
and  fasten  it  with  twine  to  the  shell,  around  the  fuze  hole. 

To  charge  the  sack:  Put  in  the  sofl  composition  to  the  height  indicated  in  the 
table,  and  level  it  with  a  spatula;  put  in  the  shell,  with  the  tarred  link,  the  fuze 
downward:  fasten  the  shell  down  with  twine  passed  through  the  sides  of  the 
sack,  or  with  a  piece  of  canvas  sewed  to  the  sides.  Fill  the  sack  with  composi. 
lion  to  the  proper  height  above  the  shell ;  put  the  additional  quantity  of  dry  com- 
position in  a  heap  in  the  centre  of  the  sack,  and  finish  filling  it  with  the  soft  com- 
position.    Close  the  mouth  by  sewing,  or  tying  the  pieces  together. 

The  iron  bottom:  The  ball  is  furnished  with  an  iron  bottom,  to  prevent  it  from 
being  broken  by  the  force  of  the  charge  in  the  mortar.  These  bottoms  are  made 
of  plate  iron  3-10  in.  thick.  • 


DIMKNSIONS. 


inside  diameter  at  top 
Depth  of  concavity  . . . 


13-in. 


In. 
10.5 
2.75 


10-in. 


In. 
6.25 

2.25 


8-in. 


In. 

6.5 
2.2 


The  iron  is  cut  in  a  circular  form,  healed  and  partly  shaped  with  a  set  hammer, 
in  a  concave  wooden  former;  it  is  again  healed  and  finished  in  an  iron  former. 
It  is  then  put  into  a  lathe,  where  the  outer  edge  is  trimmed  and  chamfered  to 
the  thickness  of  J  in. 

The  iron  bottom  is  attached  to  the  ball  with  the  following  cement: 

Lbs.        Oz. 

Beeswax 0  3 

Pitch 2 

Rosin 1 

Turpentine 1 

Brickdust  0  9 

The  materials  for  the  cement  are  melted  successively  over  a  slow  fire,  and  the 
brick  dust  is  stirred  in  last. 
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The  iron  bottom  is  filled  about  one-third  full  with  the  cement,  and  the  loaded 
end  of  the  tire  ball  i>  inserted  in  it  and  left  to  cool. 

The  ball  is  next  covered  and  strengthened  with  a  net  work  made  of  spun  yarn 
or  cord,  from  0.25  to  0.5  inch  thick,  according  to  the  size  of  the  ball.  This  net 
work  is  commenced  at  the  bottom  of  the  sack,  and  terminates  at  the  lop  in  a 
strong  loop,  which  forms  a  handle  for  carrying  the  ball.  The  ball,  when  finished, 
should  pass  through  the  large  shell  gauge.  Fire  balls  are  dipped  in  a  composi- 
tion of  equal  parts  of  pitch  and  rosin,  made  warm. 

To  prune  the  halls:  Make  4  holes,  about  3  in.  below  the  top,  by  driving  in 
greased  wooden  pins,  1  in.  diam.  and  2  in.  deep.  When  the  ball  is  to  lie  primed 
take  out  these  pins  and  fill  the  holes  with  fuzes,  or  with  fuze  composition, driven 
as  in  a  fuze,  and  with  two  strands  of  quick  match,  held  fast  by  the  composition; 
leave  room  in  the  priming  hole  for  coiling  the  quick  match,  and  cover  it  with  a 
piece  of  canvas  fastened  with  4  nails. 

The  balls  are  not  primed  until  they  are  to  be  fired. 

Light  Balls. 

Light  balls  are  made  in  the  same  manner  as  lire  balls,  except  thai  there  is  no 
shell  in  them,  as  they  are  used  for  lighting  up  our  own  works. 


Tarred  Links  (Tourteaux), 

Are  used  for  lighting  up  a  rampart,  or  for  incendiary  purposes.  They  consist 
of  coils  of  soft  rope  placed  on  top  of  each  other  and  loosely  tied  together;  the 
exterior  diameter  is  6  inches,  the  interior  3  inches.  They  may  be  made  of  pieces 
of  slow  match  about  IS  feet  long;  immerse  them  for  10  minutes  in  a  composition 
of  20  pitch  and  1  tallow,  and  shape  them  under  water;  when  dry,  plunge  them 
in  a  composition  of  equal  parts  of  pitch  and  rosin,  and  roll  them  in  tow  or  saw 
dust.  In  making  them,  the  hands  of  the  workmen  should  be  covered  with  lin- 
seed oil. 

A  lini  takes  from  1  lb.  to  \\  lb.  of  composition  and  i  lb.  of  tow.  Two  of  them 
are  put  into  a  rampart  grate,  separated  by  shavings.  They  burn  one  hour  in 
calm  weather,  half  an  hour  in  a  high  wind,  and  are  not  extinguished  by  rain. 
The  grates  are  placed  about  250  feet  apart. 

Pitched  Facines. 

Fagots  of  vine  twigs,  or  other  very  combustible  wood,  about  20  in.  long  and  4 
in.  in  diameter,  tied  in  three  places  with  iron  wire,  may  be  treated  in  the  same 
manner  as  links,  and  used  for  the  same  purpose;  their  inflammability  is  in- 
creased by  dipping  the  ends  in  melted  lire  stone. 
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Torches. 

In  a  solution  of  equal  parts  of  water  and  nitre,  boil  old  rope  or  slow  match 
well  beaten  and  untwisted  ;  let  it  dry  perfectly,  and  cut  it  in  pieces  about  4  feet 
long-;  lie  three  or  four  of  these  pieces  around  a  piece  of  pine  wood  about  2  in. 
diameter  and  4  feet  long;  cover  the  whole  with  a  mixture  of  equal  parts  of  sul- 
phur and  mealed  powder,  moistened  with  brandy:  fill  the  intervals  between  the 
cords  with  a  paste  of  3  parts  of  sulphur  and  1  of  quick  lime.  When  it  is  dryi 
cover  the  whole  torch  with  the  following  composition  : 

Pitch 3  parts. 

Venice  turpentine 3     '• 

Turpentine J     " 

Kit. 

Composition  :  9  rosin,  6  pitch,  G  beeswax,  1  tallow.  To  be  melted  together 
and  poured  into  water:  then  worked  with  the  hands  until  it  becomes  soft  and 
pliable. 

Incendiary  Match. 

Boil  slow  match  in  a  saturated  solution  of  nitre;  let  it  dry:  cut  it  into  pieces, 
and  plunge  them  into  melted  fire  stone. 

A  yard  of  match  requires  about  1  lb.  of  fire  stone. 


Blue  Lights* 

Composition  for  100  Lights: 

Lbs.  Oz. 

Saltpetre 9  10 

Sulphur 2  6* 

Red  orpiment 0  II 

The  ingredients  are  pulverized,  rubbed  between  the  hands,  and  passed  several 
times  through  a  fine  hair  sieve  ;  the  brilliancy  of  the  light  depends  on  the  purity 
and  thorough  incorporation  of  the  materials. 

The  composition  is  pressed  into  a  hemispherical  cup  about  2.5  in.  diameter, 
made  of  well-seasoned  wood  (beech,  linden,  etc.),  with  a  stem  or  handle  about 
the  size  of  a  13  in.  fuse.  It  is  primed  with  a  strand  of  quick  match,  and  covered 
with  paper  which  is  pasted  over  the  bottom  of  the  cup. 
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STORAGE    AND    PRESERVATION    OF    AMMUNITION    AND    FIRE 

WORKS. 

Lri,,/m  balls  are  generally  kept  In  cellars,  on  account  of  their  weight ;  the 
boxes  should  be  kept  as  dry  as  possible,  and  so  piled  as  to  admit  the  circulation 
of  air  about  them. 

Flints  should  be  kept  in  cool,  damp,  and  dark  situations,  generally  in  cellars  ; 
air,  light  and  heat  seem  to  injure  them;  the  occasional  circulation  of  air  is  neces- 
sary for  the  preservation  of  the  boxes  or  barrels  containing  them. 

Cartridges  for  small  arms  are  kept  in  magazines;  the  barrels  or  boxes  being 
piled  3  or  "1  tiers  high  at  most.  If  barrels  or  boxes  are  not  at  hand,  lay  the 
bundles  flat  on  a  tarpaulin  and  pile  them  10  high. 

Fixed  ammunition  for  camion.  If  not  in  boxes,  it  should  be  placed  in  pile> 
formed  of  two  parallel  rows  of  cartridges,  with  the  sabots  together:  in  4  tiers 
for  12-pdr.,  and  5  for  (3-pdr. ;  chock  the  lower  tier  with  strips  of  wood  fastened 
with  small  nails;  put  a  layer  of  tow  2  in.  thick  between  the  shot,  let  the  piles 
rest  on  planks,  if  there  is  no  Boor,  and  cover  them  with  tarpaulins;  have  the 
place  swept,  and  the  cartridge  bags  brushed  on".  Leave  a  passage  of  IS  in.  be- 
tween the  double  rows,  and  keep  them  2  feet  from  the  walls. 

Fixed  ammunition  should  not  be  put  into  powder  magazines,  if  it  can  be 
avoided:  it  should  be  kept  in  a  dry  place,  above  the  ground  floor  if  practicable; 
the  store  rooms  should  be  always  aired  in  fine  weather;  the  piles  should  be 
taken  down  and  made  up  again  every  six  months  at  most,  the  bags  examined 
and  repaired,  and  the  damaged  cartridges  broken  up.  A  ticket  on  each  pile 
should  show  the  number  and  kind  of  cartridges,  the  additions  to  the  pile,  and  the 
issues. 

Canisters.  Piled  up  like  fixed  ammunition,  in  -1  tiers  for  21  's  and  ls's  :  and  5, 
lor  I2's  and  6's.  Empty  canisters  in  10  or  12  tiers;  the  bottoms  and  covers  sep- 
arately. 

Cartridge  bags  filled.     Like  fixed  ammunition;  or   packed  in   boxes  or  barrels. 

Paper  cartridge  bags.  In  bundles,  packed  in  boxes  or  on  shelves,  in  a  dry 
place,  with  the  precautions  before  indicated  against  worms  and  moths. 

Loaded  si i tils  should  never  be  put  into  magazines,  except  from  absolute  neces- 
sity; powder  is  not  well  preserved  in  them.  They  should  be  piled  on  the  ground 
floor  of  a  secure  building — on  planks,  if  the  floor  is  not  boarded;  in  G  tiers  at 
EDOSl  :  the  fuzes  of  the  lower  tier  in  the  vacant  spaces  between  the  shells;  those 
of  the  other  tiers  turned  downward,  like  the  fuze  holes  of  empty  shells  ;  the  pile 
should  be  covered  with  a  tarpaulin. 

Slow-match.     In  a  dry  place,  such  as  a  garret. 
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Quid-  match.  If  not  in  boxes,  it  may  be  hung  tip  in  bundles,  on  ropes  or  pins, 
and  covered  with  paper. 

Priming  Tubes,  Portfires,  Fuzes,  Signal  Rockets,  In  sale  and  dry  situations, 
packed  in  boxes. 

Fire  Halts.  In  a  cool  place,  separated  from  each  other  by  shavings  or  straw, 
if  they  are  piled  up. 

Tarred  Links.  Strung  on  a  rope  and  hung  up;  for  transportation  they  are 
packed  in  barrels,  with  straw  between  the  tiers. 

Fascines  and  Torches.     Packed  like  the  preceding. 

Fire  Stone,  and  Incendiary  Compositions  should  not  be  kept  in  large  quantities. 

Percussion  Primers,  in  cool,  dry  places,  apart  from  gunpowder  and  ammuni- 
tion. Some  cannon  primers  have  exploded  under  circumstances  which  led  to 
the  opinion  that  their  combustion  was  spontaneous.  They  should  be  carefully 
protected  from  rats,  etc.,  by  being  enclosed  in  glass  or  tin. 

BREAKING  UP  UNSERVICEABLE  STORES. 

Cartkidgk  kok  SHALL  Arms.  1  box—  1  rectangular  screen,  of  brass  wire. 
which  fits  in  the  box — 1  hoard,  with  4  copper  hooks,  placed  across  the  middle  of 
the  screen — boxes  for  balls — barrels  for  powder — 1  paper  press — 1  sieee — stools. 

Put  the  bundles  of  cartridges  on  the  screen,  and  open  them  there  near  the  wire 
gauze;  put  the  pieces  of  twine  on  the  hooks,  the  papers  on  the  board;  the  balls 
remain  on  the  screen,  and  must  be  well  washed.  The  serviceable  papers  are 
put  under  the  press,  the  others  thrown  into  water  or  burnt.  The  powder  is 
dried  and  sifted,  to  separate  the  dust  and  the  caked  powder,  which  are  laid  by 
to  be  reworked,  or  to  be  melted  for  the  saltpetre. 

Fixed  Ammunition  for  Cannon.  1  Tarpaulin — 1  box — 2  barrels — I  knifi — 2 
brushes  —  1  punch — 1  hammer — 1  scraper  (piece  of  sword  blade) — tow — a  tub  half 
full  of  water,  to  clean  the  balls — stools. 

One  man  holds  the  cartridge  over  the  box,  whilst  another  cuts  the  twine,  lakes 
off  the  strapped  shot,  brushes  it,  and  stands  it  on  the  tarpaulin,  on  its  sabot ;  the 
lirst  man  pours  the  good  powder  into  a  barrel,  the  caked  powder  into  another, 
turns  the  bag  wrong  side  out,  and  cleans  it.  The  strapped  shot  are  taken  to  the 
door  of  the  laboratory,  where  the  shot  which  still  require  cleaning  are  separated 
from  their  sabots  and  immersed  in  the  tub  of  water;  after  standing  some  time 
they  are  washed  and  cleaned.  The  others  remain  strapped.  The  serviceable, 
reparable,  and  unserviceable  cartridge  bags  are  separated  from  each  other;  the 
last  are  immersed  in  water.  The  breaking  up  of  fixed  ammunition  requires 
many  precautions  and  should  never  be  done  in  the  magazine. 

Canisters.  Turn  up  the  slit  ends  of  the  canisters,  lake  off  the  covers  and 
empty  the  canisters,  separating  the  shot  and  bottoms. 

Quilted  Grape.  Cut  the  quilting,  open  the  bag  and  take  out  the  shot ;  then 
separate  the  bag  from  the  stool. 
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Portpibbb.  Split  the  paper,  take  out  the  composition  and  pulverize  it  by 
rolling  for  2  hours.  It  may  be  made  to  burn  more  or  less  quickly  by  adding 
mealed  powder  or  sulphur. 

Unloading  Sh<  lis. 

This  is  necessary  in  order  to  save  room  in  the  store  houses,  and  to  prevent  ac- 
cidents and  the  deterioration  of  the  powder.  It  should  be  performed  with  great 
care,  and  at  a  distance  from  the  magazines 

1  Artificer — 1  helper. 

IMPLEMENTS.     1  Faze  extractor — a  coil  of  rope,  or  a  Mock,  to  place  tin'  shell  on — 

1  brace,  with  bits  of  the  size  of  the  bore  of  the  fuzes — 1  copper  chisel— I  wooden 
drift — 1  mallet — 1  copper  hook,  and  ;•<;</»,  to  get  out  the  powder  and  clean  the 
interior  of  the  shell — 1  hnift — a  tub  and  a  banket  for  the  powder  and  fuzes— a 
tarpaulin — a  bucket  of  water. 

For  large  shells,  in  addition  to  the  above:  a  pair  of  shell  hooks  and  a.handspikt  — 

2  trestles  and  a  frame,  to  rest  the  shells  on  after  extracting  the  fuze,  for  the  pur- 
pose of  emptying  the  shells  over  the  tub. 

Cut  oil'  the  cap  of  the  fuze,  draw  the  fuze,  and  as  soon  as  it  is  loose,  hold  the 
shell  over  the  tub  and  empty  it. 

If  the  fuze  breaks,  or  is  bruised  so  that  the  extractor  cannot  hold  it,  pour 
•water  into  the  cup,  and  with  the  brace  and  bit  bore  out  about  0.25  in.  of  compo- 
sition ;  pour  in  more  water,  and  proceed  in  the  same  manner  until  the  composi- 
tion is  removed  to  the  depth  of  3  inches;  the^n  use  the  extractor  again,  or  drive 
the  fuze  in  with  the  wooden  drift.  If  this  cannot  be  done,  bore  out  all  the  com- 
position and  wet  the  powder  in  the  shell,  by  pouring  water  through  the  fuze; 
then  drive  in  the  fuze,  and  split  it  with  the  chisel,  to  get  out  the  pieces. 

Liniment  for  Bums. 

Sweet  oil,  Sparts;  hartshorn,  1  pail. 

Or,  equal  parts  of  linseed  oil  and  lime  water. 
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EQUIPMENT  OF  BATTERIES  FOE  FIELD,  SIEGE,  AND 

(IA  III!  I  SOX  SERVICE. 


EQUIPMENT    OF    FIELD    BATTERIES 


INTERIOR    ARRANGEMENT     OF     AMMUNITION     CHESTS    FOR    FIELD    GUNS 

ani>   howitzers. — Plate  18. 

The  principal  divisions  of  a  chest  are  designated  as  the  right  half  and  the  left 
half,  to  a  person  racing  the  front  of  the  chest. 

The  smaller  divisions  in  each  half,  perpendicular  to  the  sides,  are  designated 
as  first,  x<  eond,  third,  etc..  from  the  principal  partition,  each  way  ;  the  divisions 
parallel  to  the  sides  are  designated  as  the  front,  middle,  and  rear  division*. 

Ammunition  Chest  for  the  Q-pounder  Gun. 

Eight  partition*  (poplar),  four  in  each  half,  perpendicular  to  the  sides  of  the 
chest.  The  partitions  arc  supported  by  two  strips  oi  wood  at  each  end,  forming 
a  groove  in  which  the  partition  sluies;  each  strip  is  fastened  to  the  side  of  the 
chest  with  four  copper  nails. 

In  the  tirst  division  of  the  right  half  are  two  bolsters,  for  spherical  case  shot; 
one  fastened  to  the  principal  partition  by  3  screirs ;  the  other  fastened  to  the  first 
movable  partition  by  3  screws. 

One  trni/.  for  holding  equipments,  rests  on  the  partitions  in  the  left  half  of  the 
chest.  The  tray  has  two  sidr*.  two  ends,  and  one  bottom  (poplar  or  white  pine). 
The  sides  and  ends  are  dovetailed  together  and  fastened  by  12  nails:  the  bottom 
is  fastened  to  the  ends  and  sides  by  14  brass  screws.  Three  finger  holes  are  bored 
in  the  inside  of  the  ends,  to  lift  the  tray  by;  ar.d  a  hole  is  bored  through  the 
middle  of  the  bottom,  to  let  the  air  escape  when  the  tray  is  lifted  out. 
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Ammunition  Chest  for  the  12-pounder  Ghin. 

Sia  partition*,  three  in  each  hall,  perpendicular  to  the  sides  of  the  chest,  sup- 
ported aa  in  the  6-pounder  chest. 

Four  boltters,  for  spherical  ease  shot;  one  of  them  fastened  to  the  principal 
partition  with  3  screws;  two  fastened  to  the  first  partition  in  the  ri^hl  half  with 
,'i  sort  ws,  and  one  to  the  left  side  of  the  second  partition,  right  hall,  with  .'!  sen  UfS. 

The  second  and  third  partitions  in  the  right  half  are  made  higher  than  the 
others,  to  suit  the  height  of  the  canisters  fixed. 

One  tray,  for  equipments,  in  the  left  half;  made  like  that  for  the  6-pdr.  chest. 


Ammunition  Chest  for  the  12-pounder  //<>irit~,-r. 

Six  partitions,  three  in  each  half,  supported  like  those  of  the  6-pounder  chest. 

Twenty-one  bolsters,  for  the  lower  tier  of  shells  and  spherical  case  shot.  They 
are  cupped  out  to  receive  the  halls,  and  have  holes  bored  through  the  bottom, 
for  the  fuzes  to  lie  in.  They  are  placed  in  the  bottom  of  the  chest,  three  in  each 
division,  except  the  first  division  in  thef  right  half;  they  are  fastened  to  the 
bottom,  each  by  -1  sprigs. 

Twenty-eight  />!•>]>*,  for  the  upper  tier  of  shells  and  spherical  case.  Four  ol 
the  props  are  placed  in  each  division,  except  the  first  one  in  the  right  half.  Two 
of  them  are  fastened  to  each  end  of  the  chest,  two  to  the  left  side  o(  the  prin- 
cipal partition,  and  two  to  the  right  side  of  the  lirst  partition  in  the  right  hall', 
each  by  6  copper  nails. 

The  rest  of  the  props  are  fastened  in  pairs  to  the  movable  partitions,  each  b\ 
G  eopper  nail*. 

S, '..  props  for  canisters  (OAK),  in  the  first  division  of  the  right  half;  three  fast- 
ened to  the  principal  partition,  three  to  the  movable  partition,  each  with  3  screws. 

Ammunition  Chest  for  the  Impounder  Howitzer. 

Eight  linings,  two  in  each  of  the  front  and  rear  divisions,  fastened  to  the  ends 
of  the  chest  and  to  the  principal  partition,  each  by  6  copper  nails. 

Four  long  partitions,  two  in  each  half,  parallel  to  the  sides  of  the  chest;  they 
are  supported  by  the  end  linings  and  by  two  upright  strips,  fastened  to  the  ends 
and  principal  partition,  each  by  1  copper  nails. 

Two  short  partitions  for  canisters,  in  the  rear  division  of  the  right  half;  each  of 
them  is  supported  by  4  strips,  fastened  to  the  back  of  the  chest  and  to  the  long 
partition,  each  by  3  copper  nails. 
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Seven  short  partitions,  for  shells  and  spherical  case  shot  :  two  in  each  of  the 
front  divisions;  two  in  the  rear  division  of  the  left  half,  and  one  in  the  middle 
division  of  the  right  half.  These  partitions  slide  into  grooves  made  each  by  tiro 
upright  strips,  which  are  fastened  to  the  sides  and  to  the  long  partitions,  each  by 
1  coppt  r  null*  ;  each  partition  is  formed  of  two  pieces  which  slip  into  the  grooves, 
one  over  the  other. 

Thirty-three  bolsters  for  shells  and  spherical  case.  Seven  of  them  are  fastened, 
at  the  bottom  of  the  chest,  to  the  end  linings  of  the  two  front  divisions  and  the 
left  rear  division,  and  to  the  principal  partition  in  the  right  middle  division,  each 
by  2  screw.  Twenty-foil*  of  the  bolsters  are  fastened  in  pairs  on  each  side  of 
the  short  partitions  of  the  two  front  divisions  and  the  left  rear  divisions  ;  twelve 
to  the  lower  half  and  twelve  13  the  upper  half  of  the  partitions;  each  pair  fas- 
tened by  3  screws  which  pass  through  the  bolsters  and  the  partition.  Two  bol- 
sters are  fastened  to  the  left  side  of  the  middle  partition  in  the  right  half,  one  to 
the  lower  and  one  to  the  upper  part  of  the  partition,  each  by  2  screws. 


Ammunition  Chest  for  the  o'2-poun<Ier  Howitzer. 

Six  l«nfj  partitions,  three  ill  each  half;  one  parallel  to  the  ends,  and  two  par- 
allel to  the  sides  of  the  chest ;  each  partition  is  supported  by  4  stripe  fastened  to 
the  sides  and  ends  of  the  chest,  or  to  the  other  partitions,  each  by  5  copper  noils. 

Four  short  partitions,  one  in  the  front  and  rear  division  of  each  half,  made  in 
two  pieces  and  fastened  in  the  same  manner  as  those  of  the  24-pounder  howitzer 
chest. 

I\oenty-one  bolsters  for  shells  and  spherical  case.  Seven  of  them  are  fastened, 
at  the  bottom  of  the  chest,  to  the  ends  and  cross  partitions,  each  by  2  screws. 
Twelve  bolsters  are  fastened  in  pairs,  as  in  the  24-pounder  howitzer  chest,  to  the 
short  partitions  in  the  left  half,  and  in  the  rear  division  of  the  right  half.  Two 
bolsters  are  fastensd,  in  tike  manner,  on  the  right  side  of  the  short  partition  in 
the  right  front  division. 
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8  ■•<  ws  and  Nails  for  interior  of  Ammunition  Chests. 


DESIGNATION. 


—    -, 


-     £ 


o  f  For  2  holsters  for  spherical  case 

'V""--v(     ■'    tray 

Nails,  for  groove  strips 

i  For  ~  single  holsters 

Screwe        •'    2  double      do 

(    "    iray 

NaiU,  for  groore  strips 

o  i   For  '■>  bolsters  for  canisters 

Screws  i     "3      do 

..    ..      f     "    bottom  bolsters 

"  '"   |      ••     upper  bolsters  ami  strips... 

„  f  For  9  single  bolsters 

Scre""  j     «•  12  pairs  double  do 

Nails,  for  linings  and  strips 

f  For  9  single  bolsters 

Serem  j     ■■    6  pairs  double  do 

Nails,  for  strips 


|  .V. 


6 

II 

6 

3 

1  l 

96 

9 

9 

84 

264 

is 

36 

216 

lb 

IS 

200 


Size. 

No. 

14 

No. 

•g 

3d 

No. 

11 

No. 

11 

No. 

12 

3c 

No. 

11 

No. 

11 

Spri 

3c 

No. 

14 

No. 

14 

3c 

No. 

14 

No. 

14 

3c 

1.25 


1.13 


1. 

1.13 


i.  a 

i  .:> 

1.13 
1.5 


1.13 

1.5 

2, 

K13 


Iron. 

Brass. 

Copper. 

Iron. 

Do. 

Brass. 

Copper. 
Iron. 

Do. 

Do. 
Copper. 
Iron. 

Do. 
Copper. 
Iron. 

Do. 
Copper. 


Bill  of  Boards  for  interior  of  Ammunition  Chests. 
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~,  c  1 


Partitions 

<  bottom 

Tray  .  }  sides 

(ends  

Partitions 

j"  bottom 

Tray  .  }  sides 

( ends  

Partitions 

Bolsters  for  lower  tier ... . 
Props  for  upper  tier 

Holsters  lor  canisters 

Partitions 

Linings 

Partitions J 


DIMENSIONS  (rOUgh). 

85  "S 

Length 

Width. 

Thick- 
ness, 

a 

In. 

In. 

In. 

Feet. 

1 

168 

11. 

0.625 

s.02 

1 

22 

20. 

0.75 

2.29 

1 

22 

10. 

0.75 

1.15 

1 

20 

11. 

1. 

1.53 

1 

M 

12. 

0.75 

5.25 

1 

42 

1  1. 

().7.r) 

3.  or, 

1 

22 

20. 

0.75 

2 .29 

1 

22 

7.5 

0.75 

0.66 

1 

20 

9. 

I. 

1  .25 

1 

120 

10.5 

0.75 

9.09 

1 

54 

10. 

2. 

7.5') 

1 

90 

12. 

1. 

7.5 

1 

8 

10. 

1.5 

1.87 

1 

96 

15.5 

0.75 

7.75 

1 

13 

10.5 

1. 

0.94 

1 

96 

8.25 

1. 

5.5 

1 

54 

15.5 

1. 

5.61 

1 

10S 

16. 

1. 

12. 

1 

00 

8.5 

1. 

3.54 

Poplar. 
Poplar, 

or  white 

pine. 
Poplar. 

Do. 

Poplar. 

or  white 

pine. 
Poplar. 

Do. 

Do. 
Oak. 
Poplar. 

Do. 

Do. 

Do. 

Do. 
Do. 
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NO.    (WEIGHT. 


FOR  G-POUNDER  GUN*. 

Shot,  fixed 


Spherical  case,  fixed... 

Canisters,  fixed . 

Spare  cartridges,  lj  lb., 
f  2-sec— 2?/ao& 

Fuzes  . .  •!  3-sec. — Red. . 

(  1-SeC. —  Grren  , 

Percussion  primers  ..... 

Frit-lion  primers 

Priming  tubes , 

Slow   match,  yards 

Portfires 


Lbs. 
206. 

31.1 

S4. 
2.0 

0.1 

I). lis 

0.52 

0.30 

1.15 
1  .  1  .") 

300.001 


In  the  left   half,  and    in    1th  and  5th 

divisions  of  riirht  half. 
In  1st  division,  right  half. 
In  2d  and  3d  divisions,  right  hall. 
On  the  spherical  case. 

In  the   fuze   pouch,  or  in  bundles  in 
the  tray. 

[  In  the  tube  pouch,  or  in  bundles  in 
1       the  tray. 

\  On  the  ammunition  in  ri^ht  hall. 


FOR  12-POUNDKR  GUN. 

Shot,  fixed 


Spherical  case,  fixed.... 

Canisters,  fixed 

Spare  cartridges,  2j  lbs.. 

('  2-sec. — Black. 

^  1  3-sec. —  lied  . . 

r  uzes  . .  -  „ 

(4-see. — Linen 
5-sec. —  Ye/lov 

Percussion  primers 

Friction   primers 

Priming  tubes 

Slow  match,  yards 

Portfires  


'.'II 


308. 

108. 
67.64 
5.12 

0.16 

o.or> 

0.33 
0.30 
1.15 

1.15 

491.90 


In    left    half,  and    in  4lh   division   of 

right  half. 
In  1st  and  2d  divisions,  right  half. 
In  3d  division,  right   half. 
On  the  spherical  case. 

In  fuze  pouch,  or  in  bundles    in    the 
tray. 

In   tube    pouch,  or    in   bundles   in 
the  tray. 


■  On  th 


e  ammunition  in  right  ha'f. 


FOR  12-PDR.  HOW1TZF.R. 

Shells,    fixed 

Spherical  case,  fixed..... 
Canisters,   fixed 

Fuzes  . .  1  3-sec. —  Rerl. . . 
(  1-sec. — Green  . . 

Percussion  primers , 

Friction  primers 

Priming  tubes 

Slow  match,  yards , 

Portfires 


157.5 
250. 
17.1 

0.7 

0.06 
0.40 
0.30 

1.15 
1.15 

158.66 


In  2d,  3d  &  4th  divisions,  right  half. 

In  left  half. 

In  1st  division,  right  half. 

In  the  fuze  pouch,  or  in  bundles,  on 
the  canisters,  etc. 

In    tube  pouch,  or   in   bundles,  on 
the  canisters,  etc. 

On  the  canisters. 
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Ammunition  carried  in  each   Chest. — Continued. 


FOB  Jl-PDR.  HOWITZER. 

Shells,  strapped 

Spherical  case,  strapped.... 

Canisters 

C  Small  charge.  . 

Cartridges.  ■< 

V.  Large  charge  . 

(  2-sec — Black 

P  )  3-sec— AW 

i-u/es..  .  4.sec._Greeu  ... 

(_  5-sec. —  Yellow. . . 

Percussion  primers 

Friction  primers 

Priming  tubes 

Slow  match,  yards 

Portfires 

Full  32-PDB.  HOWITZER. 

Shells,  strapped 

Spherical  case,  strapped.... 

Canister 

,-,.-,  (  Small  charge < 

Cartridges  .  .  J  _  " 

(  Large  charge, 

i2-eec.—BlacJt 
3-sec. — lied 
1-scc. — (xreen  . . . 
f)-sec. —  Yellow. .  . 

Percussion  primers 

Friction  primers 

Priming  tubes 

Slow  match,  yards 

Portfires 


Lbs 

225.60 
164.00 


5.40 


0.40 


585.72 


In  left  half. 

In  front  and  middle  divisions  of  right 

half. 
In  rear  divisions  of  right  half. 
12  in  middle  division,  left  half;    9  in 

middle  division,    right    half;    2  on 

canisters. 
On  canisters. 


[•As  for  12-pounder  howitzer. 


1 
15 

1 
4 
14 
5 
5 

20 
15 
10 
6 
4 


196.80 
186.00 

28.50 

46.50 
3.68 

I 

;-     0.28 

I 

0.03 
0.20 
0.15 
1.15 
1.15 

464.04 


Front  and  rear  divisions  of  left  half. 
Rear  divisions,  and    right  front  divi- 
sion of  right  half. 
Lefl  front  division,  right  half. 

[  1st  division  in  each  half. 


In  fuze  pouch,  or  in  the  middle  divi- 
sions. 

In    tube    pouch,   or  in   the    middle 

divisions. 

In  middle  divisions. 
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Implements  and  Equipments  for  Field  Carriages. 


FOB    A    GITN    OR    HOWITZER 
CARRIAGE. 

Sponges  and  rammers 

Sponge  covers 

Worm  and  stall" 

1  [andspikes  

Sponge  bucket 

Prolonge 

Linstock 

Lock 

Lock  cover 

Tar  bucket 

Water  bucket  (leather).... 

Gunners'  haversacks 

Tube  poucfa 

Fuse  punch 

Vent  punch   

(in nners'  pincers 

Tow  hook 

Tangent  scale 

Thumbslalls 

Priming  wire 

Lanyard  for  friction  primer 

Gunners'  gimlet 

Fuse  plug  reamer 

Tarpaulin,  large 

FOR    A    CAISSON. 

Felling  axe , 

.■shovel,  long  handle , 

Pick  axe , 

Spare  handspike  

Spare  pole , 

Spare  wheel , 

Tow  hooks , 

Tar  bucket 

Watering  bucket  (leather), 
Tarpaulin,  large 


Lbs 


0.28 
3.6 
14.5 

;o. 
is. 

0.9 
2.7-r< 
0.9 
7. 
8. 

3.72 
0.95 
0.95 
0.08 
0.85 
6.60 
0.21 
0.01 
0.08 
0.1(1 
0.08 
0.3 
54. 


12-pdr..  11.6  lbs.;  (i-pdr.,  9  lbs. 
On  the  gun  carriage. 


|  On  the  gun. 


On  the  limber. 


In  the  implement  trays,  or  in  other 
vacant  spaces  in  the  Ammunition 

chest. 


6. 

4.75 
6.5 
7.25 

25.30 

180. 
1.2 

7. 

8. 

54. 


In  the  tube  pouch. 


:   In  the  fuse  pouch. 
Strapped  on  the  ammunition  chest. 


In    the    places    provided    for    then; 
on  the  caisson  body. 


One  in  the  limber  chest,  and  one   in 
a  caisson  chest. 


On  the  limber. 


Strapped  on  the  limber  chest. 


Two  pairs  of  straps  tor  the  tarpaulins  are  fastened  with  screws  to  the  edges 
of  the  lid  of  the  limber  chest,  at  10  inches  from  the  ends.     The  straps  are  1.35 
inch  wide;   the   front   straps,  24   inches   long:    the   rear,   10  inches  long,  with 
buckles  ;  each  fastened  with  two  1  inch  screws. 
20 
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Weight*  of  Gun  Carriages  and  Caissons,  equipped  for  Field  Service. 


DESIGNATION. 


FOR    (.1    NS. 


6-pdr.       12  pdr. 


FOR    HOWITZERS. 


12-pdr.      24-pdr.     32-pdr 


SON    CARRIAGE. 

Gun 

Gun  carriage,  without  wheels... 

Two  wheels 

Limber  body,  without  wheels  ... 

Two  w  heels 

Ammunition  chest,  with  interior 
divisions 

Ammunition,  packed 

Large  tarpaulin 

Other  implements  and  equip- 
ments   

Total  weight 

Number  of  rounds  of  ammuni- 
tion on  each  limber 

CAISSON. 

Body,  without  wheels     

Two  wheels 

Two  ammunition  diesis 

Ammunition   packed   in  do 

Limber  body,  without  wheels  ... 

Two  wheels 

Ammunition  chest 

Ammunition,  packed  in  do 

Large  tarpaulin 

other  implements  and  Bpare 
parte 

Total  weight 

Number  of  rounds  of  ammuni- 
tion on  each  caisson  and  its 
limber 


Lbs. 

884 

540 
300 
335 
360 

185 

395 
54 

83 

3,196 

50 


Lbs. 

432 
360 
370 
790 
335 
360 
185 
395 
54 

246 

3,527 


150 


Lbs. 

1,757 
783 
392 
335 
360 

182 

497 

54 

86 

4,446 


32 


Lbs. 

433 
360 

36 1 
994 
335 
360 
182 
497 
54 

246 

3,824 


96 


Lbs. 

738 
540 
360 
335 
360 

206 

405 

54 

83 


3,191 


39 


Lbs. 

432 
360 
412 
930 
335 
360 
206 
465 
54 

246 


3,800 


117 


Lbs. 

1.318 
736 
392 
335 
360 

198 

541 
51 

86 


1,020 


23 


Lbs. 

1,890 
783 
392 
335 
360 

192 

470 
54 

86 

4:862 


Lbs. 

432 
360 
396 
1.082 
335 
3i  iO 
198 
541 
54 

246 


1,004 


69 


15 


Lbs. 

432 
360 
.  384 
940 
335 
360 
192 
470 
54 

246 


3,773 


45 
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EQUIPMENT  OF  TRAVELLING  FORGES  AND  BATTERY  WAGONS. 

One  forge  and  one  battery  wagon  accompany  each  field  battery.  They  are  fur- 
nished with  the  tools  and  materials  required  for  shoeing  horses  and  for  ordinary 
repairs  and  preservation  of  carriages  and  harness. 

Other  forges  and  battery  wagons,  equipped  for  the  general  service  of  the  army, 
accompany  the  Geld  park  which  contains  the  general  supplies  of  ordnance  stores. 

Tin  forge  for  the  field  battery  is  designated  by  the  letter    A. 

The  forge  for  ike  field  park  "  "  "         R. 

The  battery  iragon  for  the  field  battery  "  "  C. 

The  battery  xcagon  for  the  field  pari,-  "  "  D. 


EQUIPMENT    OF    A    FORGE    FOR    A    FIELD    BATTERY. 

Interior  arrangement  of  the  Limber  Chest. 

The  chest  is  marked  :  Fouge  A. 

There  are  five  boxes  for  tools  and  stores  ;  one  shoeing  box,  and  one  can  for  oil. 

The  boxes  are  marked  :  A,  Nos.  1.  2,  3,  4,  5. 

They  are  made  of  white  pine,  .75  in.  thick,  with  loose  covers  of  the  same 
thickness;  the  covers  have  three  3  in.  holes  bored  in  each  end,  to  lift  them  by. 

Two  handles  of  double  leather  are  nailed  on  the  inside  of  the  ends  of  the 
boxes,  so  as  not  to  interfere  with  the  covers. 

The  sides  and  ends  of  all  the  boxes  for  the  forges  and  battery  wagons  are 
dovetailed  together,  and  fastened  with  8d.  nails ;  the  covers  are  made  with  clamps 
on  the  ends. 


Exterior  dimensiojis  of  the  Boxes  for  Forge  A. 


DESIGNATION. 

Length. 

Width. 

Depth 

Weight. 

REMARKS. 

In. 

In. 

In. 

Lbs. 

A.  Nos.  1  &  3 

17. S 

13.25 

7.5 

8.25 

A,  No.    -'.... 

17. S 

13.25 

7.5 

9.75 

A  parli'n  at  4.5  in.  fromoneend. 

A,  No.    4 . . . . 

23.5 

8. 

(3.5 

3. 

A  partition  for  oil  can,  at  5.25 
in.  from  one  end. 

A,  No.    5.... 

39.8 

9.8 

6.5 

14.5 

Shoeing  box  . 

16.5 

8. 

6.5 

4.7 

The  oil  can  is  made  of  tin,  to  hold  one  quart ;  it  is  five  inches  square  and  four 
inches  high,  with  a  neck  for  a  cork,  one  inch  diameter  and  .5  in.  high,  near  one 
corner.     Weight  0.9  lb.     It  is  marked  :  A,  Sperm  Oil. 
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Boxes  No*.  1. 'J  and  3,  are  placed  in  the  bottom  of  the  chest  j  No.  1  Bgafnsl 
the  left  hand  ;  No.  2  in  the  middle. 

No.  4  is  placed  on  top  of  Nos.  1  and  2,  against  the  left  end  and  the  hack  of  the 
chest  :  the  division  for  the  oil  can  on  the  left  hand. 

No.  5  is  placed  on  top  of  Nos.  1,  2,  and  3,  against  the  front  of  the  chest. 

The  shoeing  box  is  placed  on  No.  3,  against  the  right  end  and  the  back  of  the 
chest. 

The  tools  and  stores  in  all  the  boxes,  and  in  the  forges  and  battery  wagons, 
arc  securely  packed  with  tow. 

Contents  of  the  Limber  Chest  of  Forge  A. 


smiths'  tools  and  stores. 


NO.      WKIG1IT. 


lbs 

lbs 

lbs 


I  lorse  shoes,  Nos.  2  and  3  . . . . 
Horse  shoes,  Nos.  2  and  3  . . . . 
Horse  shoe  nails,  Nos.  2  and  3 

Washers  and  nuts.  No.  2 

Washers  and  mils,  No.  3 

Washers  and  nuts,  No.  4 

Nails,  No.  1,  C lb. 

Nails,  No.  2,  C lb. 

Tire  bolts 

Keys  lor  am  ui  u  nil  ion  chests 

Lined  wasders 

Linch  pins 

( 'ha ins,  Nos.  1  and  2 It. 

Cold  shut  S  links,  No.  3 

Cold  shut  S  links,  No.  5 

Hand  cold  chisels 

llardie  

Files,  assorted,  with  dandles 

Buttress 

Hand  punches,  round  and  square  

Screw  wrench 

Hand  screw  driver 

Hand  vice 

Pair  smiths'  callipers 

Taps......  I  N       j.  2,  3  and  4 

Pairs  dies  .  ) 

Wood  screws,  1  in.,  No.  14 gross 

Quart  can  of  sperm  oil 


100 

100 

50 

30 

10 

4 

1 

1 

20 

5 

5 

12 

2 

50 

12j 
2 

i 

2 

1 

1 

lj 


Lbs. 

100. 

100 

50 


Carried  forward ...I     319.1)3 


Box  A,  1. 
Box  A,  3. 
Box  A, 2;  large  division 

1 


In  Box  A.  2. 
!      91.11  lbs. 


in  Box  A, 
88.52  lbs. 
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Contents  of  the  Limber   Chest — Continued. 


smiths'  tools  and  stores. 


Brought  forward 

Fire  shovel 

Poker  

Split  broom 

I  land  hammer 

Riveting-  hammer 

Nailing  hammer 

Sledge   hn miner 

Chisels  for  hot  iron 

( 'hisels  lor  eold  iron 

Smiths' tongs 

Fore  punch 

( 'renser 

Fuller 

Nri'I  claw 

Round   punch 

Tap  wrench 

Die  stock 

Nave  bands,  developed 
Tire  bands,  developed 


Shoeing  hammer. 

Pair  pincers 

Rasps,  12  inches  . 
Shoeing  knife. . . . 

Toe  knife 

Pritehel 

Nail  punch 

Clinching  iron    . . 

Oil  stone 

Leather  aprons.. . 


Iron 


square. 


Padlock 

Tar  bucket 

Boxes 

Tow  for  packing 

Total... 


.119.63 

3.  on 

1.90 
1 .25 
3.50 

i.or> 

1.80 

10.50 

3.00 

3.00 

15.00 

1.00 

1.00 

2.40 

5.00 

2.10 

3.75 

6.25 

1 1 .  75 

2.75 

0.82 
2.00 
2.15 
0.33 
0.30 
0.85 
0.80 
1.00 
1.50 
3.00 

2.00 

0.50 

7.00 

53.45 

5.00 

4S0.38 


!_  In  Box  A,  5. 
80.05  lbs. 


In  shoeing  box. 
|  12.75  lbs. 


Fastened  on  inside  of 
the  chest  cover  with 
two  copper  clamps. 
On  the  chest. 
On  its  hook. 
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Contents  of  the   Forge   Body,  A. 


Box  A,  6.  of  the  .same  dimensions  as  A,  1.  is  carried  in  the  iron  room. 
To  put  this  box  in  or  take  it  out.  loosen  the  thumb  nuts  ami  raise  the  rear  of 
the  bellows  an  inch. 


riiol.S    AM)  STOKES. 


Water  bucket,  wood. 

Anvil 

Vice 


Water  bucket,  leather 1 

Bituminous  coal lbs,    250 

Coal  shovel f\     1 

Padlock '.       1 

Horse  shoes,  Nos.  2  and  3 lbs.    100 


Square  iron.  &  in.  and  jj  in lbs. 

Flat   iron.   1  j  in.  x   §  in.,  1   in.  x  A  in. 

and    P.  in.  x  {  in lbs. 

Hound  Iron,  |  in lbs. 

Cast  steel.  8  in.  square 

English  blister  steel lbs. 

Box 

Tow 


Total,  exclusive  of  vice 


100 


Lhs. 

10.00 

100.00 

29.00 

S.00 

250.00 

•I .  7-r> 

0.50 

100.00 

100.00 

50.00 
50.00 
5.00 
5.00 
8.25 
2.00 

693.50 


On  its  hook. 

On  the  lire  place. 

Fixed    on    the  stock  of 

the  carriage. 
On  the  vice. 

In  the  coal  box. 

On  coal  box. 

Box  A.  6,  in  iron  room. 

j  In  the  iron  room. — 
The  bars  not  more 

\  than  3  feet  long  ; 
the  square  iron  in 
2  bundles. 


Note. — 100  lbs.  of  horse  shoes,  assorted,  contain  90  shoes. 
1  lb.  horse  shoe  nails,  No.  3,  contains  110  nails" 
1  lb.  horse  shoe  nails,  No.  2,  contains  112  nails. 


EQUIPMENT  (>F  A  BATTER?   WAGON  Foil  A  FIELD  BATTERY. 

Interior  <irrtut</<}in<:itt  of  Limber  Chest. 

The  chest  is  marked  :  Battery  Wagon,  C. 

The  tools  and  stores  are  carried  in  four  boxes,  marked  C,  Nos.  1.  '2.  3  and  I. 
respectively,  and  in  one  oil  can.. 

The  boxes  are  made  of  white  pine  .75  in.  thick,  with  leather  handles  inside 
and  loose  covers,  like  those  of  the  limber  chest  of  Forge  A. 

The  covers  of  Nos.  1  and  2  are  .75  in.  thick;  those  of  Nos.  3  and  4  are  .5  in. 
thick. 


BATTERY    WAUON    FOR    FIELD    BATTERY. 
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Exterior  dimensions  of  the  Boxes. 


DESIGNATION. 


Length.     Width.     Depth.     Weight 


In. 

C,  No.  1 17. S 

C.  No.  2 26.5 

C,  No.  3 I  39.8 

C,  No.  4 |  30.8 


ll 

. 

13 

25 

17 

8 

9 

8 

s 

In. 
7.5 
7.5 
6.25 
6.25 


Lbe. 

8.25 
17.5 
12.5 
11. 


No.  3  has  a  partition,  at  5.25  from  one  end,  for  the  oil  can. 

No.  4  lias  two  partitions  perpendicular  to  the  sides,  making  three  divisions 
15.8  in.,  10  in.,  and  11  in.  long,  respectively. 

The  oil  rn»  is  like  that  for  the  limber  chest  of  Forge  A.  and  is  marked  :  C, 
Sperm  Oil. 

Boxes  Nos.  1  and  2  occupy  the  bottom  of  the  chest ;  No.  1  against  the  left  end. 

Nos.  3  and  4  are  placed  on  lop  of  Nos.  1  and  2  :  No.  3  against  the  rear  of  the 
chest. 

Contents  of  Limber  chest  for  Battery  Wagon,  C. 


TOOLS   AND    STORKS. 


NO.      WEIGHT. 


CARRIAGE  MAKERS     TOOLS. 

Hand  saws 2 

Tenon  saw  (14  in.) 1 

.1  ack  plane 1 

Smoothing  plane 1 

Brace,  with  24  bits 1 

Spokeshave 1 

Ga  uge 1 

Plane  irons 2 

Saw  set :     1 

Rule  (2  feet) 1 

Gimlets 12 

1 
1 
2 
I 
12 
2 
1 
1 
1 


Compasses •, 

Chalk  line 

Brad  awls 

Scriber 

Saw  files  (4*  in.)  . . . 
Wood  tiles  (10  in.).. 
Wood  rasp  ( 10  in.)  . 
Trying  square  (8  in.) 
Hand  screw  driver  . 


Carried  forward. 


Lbs. 

4.00 
1.50 
4.15 
1.80 
4.35 
0.30 
0.30 
1.05 
0.25 
0.14 
0.95 
0.18 
0.10 
0.17 
0.15 
0.87 
1.12 
0.40 
0.60 
0.32 

22.70 


Fastened  to  the  inside 
of  chest  cover. 


I  In  Box  C,  I. 

17.20  lbs. 


3 12 
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Limber  Chest  for  Battery  Wctgon,Q — Coutintted. 


IBronp lit  forward 


CARRIAGE   MAKKKS    TOOLS. 


( »il  stone  •  •  •  • 
Broad  axe  . .  • 

Hand  axe  .... 
Claw  hatchet 
Claw  hummer 
Pincers  (small 

Table  vice 

Framing  chisels  (1  in    and  2  in.) 

Firmer  chisels  (j  in    and  lj  in.) 

Framing  gouges  (1  in.  and  n  in.) 

Augers  ;>nd  handles  (J  in..  §  in.  and  if  in 

Screw  wrench 

Felling  axe 

Adze 

Frame  saw 

Quart  can  of  sperm  oil 


pair. 


with  handles. 


SA|iUI,i:l!S     TOOLS    AMI    STOIM'.S. 


Mallet 

Clam i 

Hammer . 

Shoe  knife 

Half-round  knife 
Shears 


.pair. 


Sand  stone  .  • 
Rule  (2  feet). 


Awls  and  bandies 

Punches 

I'ineers 


.pair. 

.pair. 


Flyers 

Claw  tool 

Creaser 

Thimbles 

Strap  awl 

Bees'  wax lbs. 

Black  wax lbs. 

Bristles oz. 

Shoe  thread lbs. 

Patent  thread lbs. 


1 
1 
1 
1 
1 
1 
1 
1 
101) 

12 

2 

1 
1 

1 
1 


Carried  forward. 


1.50 
6.00 
5.00 
2.00 
[.60 
1  -Of. 
3.80 
3.00 
1 .00 
2.60 
2.35 
2.  I-.' 
6.00 
3.30 
•l.r.o 

2.70 


1. 78 
5.00 
0.65 
0.09 
0.2S 
0.17 

l.r.i 
o.n 
o.os 

0.75 
0.22 

0.75 
0.22 
0.12 
0.15 
0.06 
0.01 
2.00 
3.00 
0.50 
5.00 
2.00 

96.21 


!  In  Box  C,  2. 
32.23  lbs. 


In  Box  C,  3. 
23.35  lbs. 


Box  C,  4. 
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Limber  Chest  for  Battery  Wagon,  C— Continued. 


TOOLS  AM)  STORES. 


Brought  forvi  ard 

SADDLERS'   TOOLS  AND  srnRES — Continued 


Buckles  (assorted    .75  in.  to  1.5  in.)  doz...  .1 

Tacks M.  :f 

Gunners'  callipers 1 

Shoe  knives 2 

Scissors pairs.  2 

Padlock !  1 

Tar  bucket l 

Boxes 

Tow  for  packing 


Total. 


NO.      WEIGHT. 


Lbs. 
90.21 


1. 00 

I) .  75 
0.50 
0.1S 
0.20 
0.50 
7.DI) 
49.2& 
7.00 

162.59 


I  In  Box  C,  4. 
20.66  lbs. 

J 

On  its  hook. 


Interior  arrangement  of  Wagon  Body,  C. 

A  Till.  9  in.  wide  and  9.5  in  deep,  is  placed  at  the  back  or  right  side  of  the 
wagon  body. 

An  Axe  Hack  extends  along  the  whole  length  of  the  body,  on  the  left  side.  11 
inches  from  the  bottom  ;  il  is  2  in.  deep  and  1.5  in.  wide,  and  is  fastened  to  the 
side  by  the  middle  rivets  of  the  side  studs,  and  by  5  wood  screws.  The  rack- 
lias  notches,  to  hold  three  axes,  a  hatchet,  and  three  handbills. 

Four  bores,  for  stores,  marked :  C.  Nos.  5,  6.  7  and  8. 

Otis  box,  marked  C:   Candles. 

Exterior  dimensions  of  Boxes  for  Wagon  Body,  C. 


designation.    I  Length    Width.    Depth.    Weight 


In. 


In. 


In 

C,  Nos.5&6    2:i.        IS. 5  ;   11.25 
C,  No.  7....     23.5      20.25    14. 
C,  No.S 13.        13.  5. 

Candle    box.      11.      \      6.5 


Lbs. 

17.5 

28. 

6. 


No  covers..  1  Of  hard   wood.  0.75  in. 
Loose  cover  J      thick. 


Div.  into  I  While  pine.  0.025  in.  thick. 
5.5   I     2.85]   4  parts   J  with  covers,  hinges  &  locks. 


Seven  tin  cans;  two  marked:  C,  Neats  Foot  Oil;  one    marked:  C.  Linseed 
Oil;  one:  C,  Turpentine  ;  two:  C,  Olive  Paint;  one:  C,  Black  Paint. 
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Dimensions  of  Cans  for  Wagon  Body}C 


»     — 

KIM'. 

( 'apacity. 

Diam. 

Height.    Weight. 

REMARKS. 

For  neats  foot  oil.. 
"     linseed  oil  and 

••     olive  painl .... 
black  paint.. . . 

2  gals. 

1  gal. 

25  lbs. 
5  lbs. 

In. 

8. 

6. 

9.75 
7. 

In. 
11.5 

10. 

10.25 
8.5 

Lbs. 

2.2 

1.37 

3. 
1.5 

V 

I     Rounded    tops    and 
j'       necks  for  corks. 

f  Flat    tops  :    opening 
}    covered  with  a  piece 
(    of  tin,    soldered  mi. 

Two  kegs,  for  grease  ;  exteri 
Diameter  at  the  bilgt 
Diameter  at  the  heai 
Height 

)r  dimensions  : 

9  75      " 

12.5 

Weiirht  . 

5  lbs. 

Contents  of  the  Wagon  Body.  C. 

Box  C.  No.  5.  is   planed  on   the  bottom  of  the  wagon,  next  to  the  pile  of  hnr- 
nc^  which    occupies  the  rear  pari  o(  the  body.     Box   No.  6  is  on  top  of  No.  5: 

Nn.  7   on   the  bottom  of  the  wagon,  in    front   of  No.  5;  No.  8  on  top  of  No.  7. 
The  candle  box  in  No.  0. 


TOOLS  AND  STORES. 


Linseed  oil gal. 

Spirits  turpentine gal. 

Olive  paint lbs. 

Black   paint lbs. 

Paint  brushes. 

Sperm  <>r  wax  candles,  ilbs. 

ELammer  heads 

Sponge  heads 

Sponges 

Priming  wires 

i  runners'  gimlets 

Lanyards  for  friction  tubes.. 

Cannon  spikes 

Dark  lanterns 

Common  lanterns 


Carried  forward 100.17 


1 
1 

50 
5 

12 
5 
I 
4 

12 
;: 
3 
4 
G 
3 
4 


Lbs. 

9.17 
8.77 
5fi. 
6.5 
3.00 
7.85 
2.90 
3.20 
3.00 
0.21 
0.24 
0.40 
0.30 
3. 
4.00 


In  1  tin  can  ] 

"    1      do.       (  In  Box  C.  5. 
'■  2     do.      |      80.44  lbs. 

•  1     do.     J 

In  candle  box. 


■  In  Box  C.  0. 

2S.73  lbs. 
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Contents  of  the  Wagon  Body,  C — Continued. 


TOOLS   AND  STOKKS. 


Brought  forward 

Xeats  foot  oil gals. 

Grease lb*. 

Nails  (4 d,  6d,  8d,  10d)...lbs. 


Felling  axes  . 
Claw  hatchet 
Hand  bills... 


Caisson  slock. 


Rammers  and  sponges 
Spokes 


Fellies 


Grindstone,  14  in.  x  4 

Arbor  and  crank  for  do. . . . 


icrew  jacks. 


Wheel  traces  . . . 
Leading  traces. . . 

Collars 

Girths 

Whips 

Bridles 

Halters 

Halter  chains. .  .  , 
Hame  straps 


Spare  nose  bags 

Sash  cord pieces. 

Slow   match yds. 


Elevating   screw 

Pole  yoke 

Harness    leather side- 
Bridle   leather do. 


Prolonge 
Scythes  . 


Carried  forward. 


20 


Lbs 
109. 

32. 

60. 

20. 

12. 
2. 
1. 

35. 

13. 

72. 

160. 

50. 

6. 

75. 

17. 
57. 
27. 
11. 

8. 
IS. 
21. 
15. 

4. 

13. 
10. 


17 

SO  In  2  till  cans..  I  In  Box  C.  7. 
•'  2  kegs...    .  J      92.80  lbs. 

Box  C,  8. 


In  the  axe  rack. 


Under  the    till,  against  the   side  and 

rear  of  the  wagon. 
On  the  caisson  stock,  against  rear  end. 
On    the     bottom  :     piled     lengthwise 

against  the  front  end. 
On  the  spokes,  crosswise. 


)  On   tin 
J       of  tl 


On  the  fellies,  against  the  left  side 
the  wagon. 


On   the   fellies,  against   the   front  and 
the  till. 

In  a  pile  occupying  30  inches  at  tin- 
rear  end  of  the  wagon,  between 
the  left  side  and  the  caisson 
stock,  and  up  to  the  top  ol  the 
till  :  the  collars  piled  on  each 
other,  from  the  bottom. 


15. 

12. 

25. 
22. 

18. 
9. 


On  the  harnes 


On  box  No.  7.  to  the  left  of  No.  S. 

[  On  the  pile  of  harness. 

Under  the  till,  in  front  of  the  pile 
of  harness,  and  against  the  cais- 
son stock. 

On  box  No   7,  in  front  of  No.  S. 
In  the  till,  against  the  front  end. 


993.97 
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Contents  of  the  Wagon  Body,  C — Continued. 


TOOLS    \M>  BTOREB. 


Kn.       u  in.  I  it. 


Lbs. 
Brought  forward 993.97 


Seville  stones. 

Spades 


Pick  axes  and  bandies..... 

Corn    sacks , 

Tarpaulins,  5  feet  square  .. 
Reaping  hooka 


Scvihc  xneaths 


Spare     stock     for     battery 

wagon 

Padlock 

Watering  bucket 

Forage 

Boxes 

Tow 


4 

6 

2 

24 

2 

4 


Tola  I 


30. 
13. 
20. 
IS. 

3.85 

12. 


90. 
0.5 


rJ9. 
24.5 


1288.82 


In  the  curve  of  the  scythes. 

In    the  till;   the  bits  against  the  rear 

end. 
Between  the  spade  handles. 
On  the  scythes. 

On  the  coin  sacks,  against   front  end. 
Fastened   to  the   ridge    pole   with    a 

wooden  clamp  and  a  leather  strap. 
Fastened   to   the  ridge  pole  with  two 

leather  straps  and  buckles. 

In  the  spare  stock  stirrup. 

Tied  to  the  forage  rack. 
In  the  Ibrage  rack. 


Exclusive  of  forage. 


EQUIPMENT  OP  A   FORGE  FOR  THE  FIELD  PARK. 

Interior  arrangement  of  the  Limine  Chest. 

The  chest  is  marked  PoRQE  B. 

luj/ir  boxes  for  tools  and  stores:  one  shoeing  hor ;  vih  tin  can  for  oil. 
The  boxes  are   marked    B,    Nos.    1,  2,  3   and  4,  respectively.     They  are   made 
like  those  lor  the  Forge  A. 

Exterior  dimensions  of  boxes  for  Limber  Chest  of  Forge  B. 


designation.       iLeugth.      Width.  I   Depth.  (Weight. 


REMARKS. 


15,  No.  1 

15,  No.  2 

I!.  No.  3 

B,  No.  4     

Shoeing  box.  15. 


In. 
17.8 
26.5 
23.5 
39.8 
Lb. 5 


In. 

13.25 
17. 9 

8. 

9.8 


In. 
7.5 
7.5 
0.5 
6.5 
6.5 


U.S. 

8.25 
17.5 

8. 
14.5 

4.7 


Partition  for  oil  can,  5.25 
in.  from  one  end. 


The  oil  can  is  like  that  for  Forge  A;   it  is  marked  :  13,  Sperm  Oil. 
Boxes  Nos.  1  and  2  occupy  the  bottom  of  the  limber  chest ;   No.  1  against  the 
left  end. 

\".'i  is  placed  on  top  of  Nos.  1  and  2,  against  the  left  end  and  back  of  the  chest. 

No.  4  on  top  of  Nos.  1  and  2,  against  the  front  of  the  chest. 

The  shoeing  box,  on  No.  2,  against  the  right  end  and  the  back  of  the  chest. 


FORGE    FOR    FIELD    PARK. 
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Contents  of  Limber  Chest  of  Forge  B. 


TOOLS  AND  STORES. 


u  EIGHT. 


Nuts  and  washers,  No.  5 

Nuts  ami  washers,  No.   I 

Nuts  and  washers,  No.  3 

Nuts  and  washers,  No.  2 

Nails,  Nos.  1  and  2,  C lbs. 

Tire  bolts 

R i\ els,  for  ammunition  chests ll>. 

Washers  for  bolt  heads,  Nos.  3  and  4 

Keys  fur  ammunition  chests 

Pole  prop  socket  and  ferrule 

Linch  washers 

Shoulder  washers 

Linen  pins 

Chain.  No.  2 feet. 

Pintle   hook 

Cap  square 

Tire  bands  (clips),  developed 

Heading  tools,  for  bolls 

Heading  tools,  for  nails 

Tire   punches.  ~\  ( 

Hound  punch,  j- with  handles J 

Square  punch,  j  ( 

Square  hand   punch 

Round  hand  punch 

Centre  punch 

Key  punch 

Set  hammer,  flat 

Set  hammer,  half  round 

Chisels,  for  hot  iron,   )      ...       ., 

Chisels,  for  cold  Iron,  Jw,tb  n8ndles 

Hand  cold  chisels 

Smiths'  tongs 

Nail  claw 

Tire  circle 

Bevel  vice 

I lardie 

Fuller 

Hand   axe 


Screws,  1   inch.  No.  II 

Small  hand  vice 

Hand  screw-driver 

D?eP8S}i.l,i,«,Jand  l  In. 

<  rimletS,   assorted 

Small  punches 


pairs 


Carried  forward 


Lbs. 
f>.00 
3.22 
3.20 
7.68 
2.00 
5.00 
L.OO 
2.50 
1.S0 
1.30 
7.00 
7.00 
S.00 
0.75 

20.00 
5.00 
2.75 

12.00 

I. IN) 

3.00 
2.10 

2.10 
1. 00 

1.00 
0.51) 
1.00 
2.85 
3.00 
4.50 
3.00 
2.00 
15.00 
5.00 
1.35 
1 .  75 
0.75 
2.40 
5.00 

2.10 
1.00 

0.32 
2.65 
■.'.75 
0.95 
0.75 

167.42 


In  Box  B,  1. 
&3.40  lbs. 


j-ln  Box  B,  2. 
73.30  II..-. 


\  Box  B,  3. 


318  CHAP.    XI.  —  EQUIPMENT. 

Contents  of  Limber  chest  of  Forge  B — Continued. 


!    \  \  D   -  rORB8. 


.pair 


Brought  forward 

Spring  compasses 

Piles,  assorted,  with  handles  ... 

Iron  wire  gauge 

Scribing  awl 

Callipers pair. 

Bevel 

Trying  square 

Scriber 

Buttress 

Quart  can  of  sperm  oil 

Nave  hands,  developed 

I  land  hammer 

Riveting  hammer 

Nailing   ha  miner 

Sledee 


Fore  punch 

Creaser 

Screw  wrench 

Smiths'  shovel 

Smiths'  poker 

Split  broom 

Tap  wrench,  with  4  holes 

Die  stock 

Tracing  point 

Augers,  j  in.  and  1  in.  (with  handles) 

Framing  chisel 

Felling  axe 

Shoeing  hammer 

Shoeing  pincers 

Shoeing  rasps 

Pritchel 

Nail  punch 

Toe  knife 

Clinching  iron 

Shoeing  knife 

Leather  aprons 

Oil  stone 

Iron  square  


Padlock 

Tar  bucket. 
Boxei 

Tow. 


Total 


Lbs. 
107.42 
0.15 

10.00 
0.25 
0.15 
0.40 
0.35 
0.60 
0.15 
1.50 
2.70 

1 1 .  75 
3.50 
L.05 
L.80 

10.50 
1. 00 
1.00 
2.42 
3.05 
1.90 
1.25 
3.75 
6.25 
0.15 
2. 5(1 
1 .  50 
6.00 

0.S2 
2.00 
2.15 
0.85 

o.so 

0.30 
1.00 
0.33 
3.00 
1 .  50 

2.00 

0.5 

7.00 
52.95 
14.00 

332.24 


In  Box  B,  3. 

20.97  lbs. 


.In  Box  B,  1. 
i      59.37  lb-. 


In  shoeing  box. 
12.75  lbs. 


Fastened    inside   chest 
cover. 


On  its  hook. 
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Contents  of  Forge  Body,  B. 

Boxes  B,  Nos.  5  and  6,  of  the  same  size  as  A.  No.  1.  are  carried  in  the  iron 
loom.  To  put  these  boxes  in  place,  loosen  the  thumb  nuts  and  raise  the  rear  of 
the  bellows  one  inch. 


TOOLS  AND  STORES. 


Water  bucket 

Watering  bucket  (leather) 

Anvil 

Vice 


Square  iron  (J  to  1  in.) lbs. 

Flat   iron   (1±  I  (,  1  I    fc, 

11  x  2-10,  14  x±in.) lbs. 

Hound  iron  (j  in.) lbs. 

Cast    steel lbs. 

English  blistered  steel lbs. 

Horse  shoes,  Nos.  2  and  3  •  .lbs. 
Morse    shoe    noils,    Nos.   2 

and   3 lbs. 

Bituminous  coal lbs. 

<  'oal   Shovel 

Padlock 

Boxes 

Tow 


1 
1 
1 

1 

100 

50 
50 
10 

5 

200 

20 

250 

1 

1 

2 


Lbs 
10. 


100. 


100. 

5(1 . 

50. 

10. 

5. 

200. 

20. 

250. 

4. 

0. 

16. 

3. 


On  its  hook. 
On  the  vice. 
;On  the  fireplace. 
On  the  slock  of  the  forge. 


|  In    the    iron    room.      Bars    not 
L       more  than  3  feet  long.   Square 
iron  in  two  bundles. 


Total E$27.75    Exclusive  of  vice. 


J 

)  Boxes  B,  5,  and  B,  6; 
half  in  each. 

[  In  the  coal  box. 
On  coal  box. 


EQUIPMENT  OF   A  BATTERY  WAGON   FOR  THE  FIELD  PARK. 

Interior  arrangement  of  Limber  Chest. 

The  chest  is  marked  :  Battery  Wagon,  D. 

Two  chats,  of  oak,  are  fastened  to  the  ends  of  the  chest,  each  with  four  sereins. 
1.5  in.  No.  14.  The  cleats  are  .75  inch  thick,  and  1.75  inch  wide;  their  upper 
edges  are  7.5  inches  from  the  bottom  of  the  chest. 

Two  bores,  marked  D,  Nos.  1  and  2,  occupy  the  upper  part  of  the  chest,  rest- 
ing on  the  cleats  ;  No.  1  against  the  back  of  the  chest.  They  are  made  of  white 
pine,  .75  in.  thick,  with  leather  handles  and  loose  covers.  .5  in.  thick. 

Bach  of  the  boxes  is  39. S  in.  long  outside,  and  G.25  in.  deep. 

No.  1  is  8  inches  wide;  it  has  two  partili  )ns  5.25  inches  from  one  end,  and 
7.5  inches  from  the  other,  in  the  clear.     Weight  11  lbs. 

No.  2  is  9.8  inches  wide,  with  two  partitions,  14  inches  from  one  end,  and  1 1.6 
inches  from  the  other  end.     Weight  13  lbs. 
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t  HAP.    XI.  —  EQUIPMENT. 


oil  r,/u,  like  that  for  the  limber  client  <>f  Forge  A.  marked  :  D.  Sperm  Oil. 
wooden  chimps,  for  saws,  are  fastened  to  the  interior  of  the  chesl  cover, 
with  ivn  Ive  sen  im. 

Two  brass  clamps,  for  webs  or  blades  of  frame  saw,  fastened  to  the  interior  ol 
the  cover,  each  with  nx  nails. 

Contents  of  Limber  ('Just  fur  Battery  Wagon,  l>. 


TOOLS  AND  STORES. 


CARKIAGE  MAKERS     TOOLS. 


Bench  planes 

Wo  id  clampa  i 

Oil  .stones 

Broad  ;ixe 

I  land  axe 

Felling  axe 

Hand  hammer 

(J law  hatchet 

Adze 

Table  vice 

Holdfast 

Framing  chisels 

Firmer  chisels 

Gouges 

Frame  saw , 

Screw  wreni  lies.... 

\  llgers  and   handles  , 
('law  hammers 


Addlers'  mallet- 
Saddlers'  clam.  . 


I'.l  ICO  :ill<l  24  bilts 

Pincers,  small pair. 

(  'allipers pair. 

Spokeshaves  

I  rauges 

Plane  irons 

Saw    set 

Trying  square 

Bevel 

Rule  (2  feet) 

i  S-imlets 

( lompasses pair. 

Chalk   line 

Brad  awls 


Carried  forward 119.06 


Lbs 


4.80 
4.84 
1.70 
3.00 

1  .  75 


Packed  with  low  in  tl 
ol  the  chest. 
106.24  lbs. 


Box  lb 
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Contents  of  Limber  Chest  for  Bailer)/   Wagon,  D — Continued. 


TOOLS  AND   STORES. 


Brought  forward 

Scriber 

Taper  files ( i 1  inches) 

Wood  files... 

Wood    rasps 

Compass  saw 

1 1  arness  buckles gross 

Tacks M. 

Quart  can  sperm  oil 


Hand  saws 

Tenon  saws    

Welns  or  blades  lor  frame  saw. . 

saddlers'  TOOLS  and  ST  >UES. 


Hammer 

si;< ie  I- nivos 

Half  round  knife 

Sin ';irs pair. 

Sand  stones 

Rule  (2  fed) 

Needles,  assorted 

Collar  needles 

Awls 

Awl  handles 

Punches  (assorted) 

Pincers pairs. 

Plyers pairs. 

Claw  tools 

I  'rr:i»r  rs      

Strap  awls 

Gauge  knife 

Compasses pair. 

Thimbles 

Bristles lbs. 

i\ His. 

Black  wax lbs. 

Patent  thread ||>s. 


Padlock 

Tar  bucket  . . 
Boxes 
Tow  . . 


2] 


Total 208. 50 


1 
G 
1 
1 

3 
1 
600 
5 
36 
f> 
6 
3 
f, 
3 
3 
3 
1 
1 
6 
1 
3 


Lbs. 

I  19.08 
0.15 
0.S7 
3.36 
0.80 
0.30 
•I. 

•J.  7(1 

I. 
:;. 
0.75 


0.65 
0.54 
0.2a 

(I.  17 
1 .  1 12 
0.1  I 
0.50 
0.05 
2.25 
0.150 
0.66 

1.32 
0.36 

(i.  I.") 

0.03 

0.80 

0.18 

0.09 

1. 

3. 

5. 

5. 

0.50 
7. 
21. 
5.25 


I-  In  Box  D.  1.     27.W  lbs. 


fastened    to    interior   ol"  chest 
cover,  with  wooden  clamps. 
Do.        with  brass  clamps. 


r  In  TJnx  D,  2.     30.2-1  lbs. 


9 


On  its  hoot. 
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Interior  arrangement  of  Wagon  Body,  D. 


A  till,  on  the  right  side  of  the  wagon.  )  _  __  _ 

.,,..,       c    ,  .     .  -asm   Battery  Wagon,  C. 

An  axe  rack\  on  the  lett  side  of  the  wagon  body,       ) 

Bight  boxes,  for  tools   and   stores,  marked:    U.  Nos.  3,  4,  5,  6,  7,  8,9,  10,  re- 
spectively. 

One  Shoeing  box,  marked  U. 


Exterior  dimensions  of  Boxes  for  Battery  Wagon,  J). 


DESIGNATION. 


Length 


Width. 


Depth. 


Weight. 


D,  Nos.  3  and  5... 

I),  No.  4 

D,  No.  G 

D,  No.7 


D,  No.  8.. 
D,  No.  9.. 
D,  No.  10. 


Shewing  box 


In. 

23.5 

2  7. 5 
19.5 

3  J.  5 

12.5 

13. 
14.5 

16.5 


III. 

In. 

20.25 

14. 

23.5 

11. 

19.5 

10.5 

LP. 5 

8. 

s .  5 

7.5 

13. 

5. 

6. 

5.5 

8. 

6.5 

Lbs. 

28. 
34. 
21. 

26. 

4. 
6. 
3.5 

4.7 


j  Hard  wood    .75  inch 

[      thick,  witli   hinged 

covers,  and  hooks. 

|  White  pine  .625  inch 
|      thick  ;  with  hinges 
and   hooks      No.  9 
J       div.  into  4  parts. 


Eight  tin  cans:  Two  of  the  capacity  of  two  gallons,  for  neats  foot  oil  and 
linseed  oil;  three  of  one  gallon  for  the  same  oils  and  for  turpentine  ;  two,  for 
twenty-five  pounds  each  of  olive  paint;  and  one.  for  five  pounds  of  black  paint. 
They  are  made  like  those  of  the  same  capacity  for  Battery  Wagon,  C. 

Two  kegs,  for  grease;  like  those  in  Battery  Wagon,  C. 

The  clamps  and  other  fixtures  on  the  interior  of  the  wagon  cover,  are  men- 
tioned in  the  list  of  contents. 
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Contt  nts  of  Wagon  Body,  I). 


TOOLS  AND  STORES. 


Gun  carriage  stock  (ironed). 


Caisson  stocks  (not  ironed).... 

Splinter  bars 

Tire  bolts,  nuts  and  washers. . . 

Axletrees 

Half  tires 

Bar  iron lbs. 

Steel lbs. 

Pole  yokes 

Wheel  traces 

Leading  traces 

Trace  chains,  staples  and  rivets 

Collars 

Girths 

Whips 

Hame  straps 

15  r  idles 

Halters 

Halter  chains 

Harness  leather sides. 

Bridle  leather sides. 

Rope,  2J  in lbs. 

Nose  bags 

Slow  match yds. 

Screw  jacks 

Elevating  screws 

Drag   ropes 

Grindstone  and  arbor 

Felling   axes 

Hand  bills 

Carried  forward 


28 

2 
4 

200 
50 

3 
10 
10 
20 

6 
16 
16 
25 

6 

6 
12 

3 
2 

30 

12 
5 
3 
2 
2 
1 
3 
3 


Lbs. 
165.00 

70.00 

30.00 

11.75 
234.00 
140.00 

200.00 
50.00 

37.00 
47.5 
57.5 
26.00 
27.50 
11.00 
8.00 
4.50 
18.00 
21.00 
15.50 

75.00 
22.00 

30.00 

13.50 
0.60 
75.00 
31.50 
33.00 
56.50 
18.00 
6.00 

1535.35 


On    the    bottom    of   the   wagon, 

against  the  right  side,  resting  on 

two  blocks  to  clear  the  rammer 

stop  ;  the  lunette  to  the  rear. 
Against  the  left  side  and  rear  ol 

the  wagon  ;  one  on  the  other. 

the  lunette  ends  in  front. 
On  the  bottom,  lying  on  each  other 

against  the  caisson  stocks  and 

the  rear  of  the  wagon. 
On  the  bottom,  against  the  front 

and  riffht  side. 
On  the  bottom,  against  the   gun 

carriage  slock  and  the  Irontend. 
Between   the    axletrees    and  the 

splinter  bars. 
")  In   5  bundles,  not  more  than  3 
>■     feet   long;  on   the  half  tires, 
J      against  the  frontof  the  wagon. 

On  the  bar  iron  toward  the  front. 

I  Piled  on  the  bottom  of  the 
wagon,  against  the  gun  car- 
riage stock  and  the  till,  and  on 

}■  the  caisson  stocks  and  splint- 
er bars;  occupying  about  31 
in.  in  length  of  the  rear  part 
of  the  wagon. 

\  Trimmed   and  rolled  up  tight; 

>      on  the  axletrees  and  tires,  in 
J       front  of  the  pile  of  harness. 
Between   the    front    ends  of  the 
caisson  stocks  and  the  bar  iron. 

[  On  the  pile  of  harness. 

[  On  the  slow  match. 

Coiled  on  the  screw  jacks. 
On  the  drag  ropes. 

In  the  axe  rack. 


924  CHAP.    XI. EQUIPMENT. 

Contents  of  Wagon  Body,  I> — Continued. 


TOOLS  AND  STORKS. 


Brought  forward 

foot  oil gals 

Grease lbs 

Spirits  turpentine gal. 


LABORATORY  TOOLS. 


Copper  adze,  with  handle 

Wooden  bowls 

Bench  brushea 

Callipers pair. 

Dredging1  box 

Rocket  mould...  | por  15  .     fc 
be    of  formers..  fc 

Set  of  drills. ...  J 
Formers   for  cylinders  and 

caps,  each  calibre set. 

i '  ipper  funnels 

Slmt  and  shell  gauges set. 

Gimlets 

(.'upper  hammer 

Paste  kettle 

Lead   ladle 

Stencils,  for  letters  and   ligures. 

Box  for  do 

Mallets 

Powder  measures,  l  oz.,  8  oz.,  1 
lb.  and  2  lbs .' 

Brass  mortar  and    pestle,  small. 
Moulds     for     musket     and    rille 

balls,  and  buck   shut set. 

Wooden    mullers 

Needles 

Paste  brushes 

Copper  pans,  10  or  12  in 

Rule  (2  feet),  not  folded 

Sand    stones 

Spring  balance,  30  lbs 

Scissors 

<  'opper  scoop,  large 

Do.  small 

Hair  sieve 

Hand  Bcrew  drivers,  large 


Carried  forward 1792. 56 


.Lbs. 

1535.35 

25.00 
60.00 

^.77 


3.00 
6.00 
0.90 
0.40 
1.00 
25.00 
L.60 
1.75 

7.50 

l.oo 
15.00 
0.25 
L.80 
9.00 
2.00 
Is. 00 
5.00 

1.00 

2.00 
6.00 

23.00 

I. in) 

0.1)1 

1 .25 

."..nil 
0.15 
3.00 
5.00 
1.50 
2.00 
1.50 
0/60 
2.00 


I  in  boxD.  '■'<:  placed  on  th« 
In  2  cans  |      caisson  atocke  and  the 

'•  '2  kegs-'      rolls  of  k-atlu-r  ugninst 

"   1  can     '      lh0  front  of  the  pile  ol 

harness, 


In  box  1 ),  I  ;  placed  on  the 
caisson  stocks  and  rolls  of 
leather,  next  to  No.  3. 


BATTERY    WAGON    l"OR    FIELD    PARK. 

Contents  of  Wagon  Body,  D — Continued. 
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TOOLS  AND   STOKES. 


Brought  forward 


Spatula 

Thimbles 

Gunners'  callipers 
Priming  wires  . . . 
( ;  unners'  gimlets. 
Gunners'  pincers. 
Tinners'  furnace. 


Liu  seed   oil gals 

Olive  paint lbs 

Black  paint lbs 

Tarpaulins,  5  feet  square 

Do.  do.  


Marline lbs. 

Sheep  skins 


ARMORERS    TOOLS. 

Wire  awls 

Rand  set 

Drill  brace 

Hand  brace 

Centre  bits 

Hand  brushes 

Bench  brush 

Callipers pair. 

Centre  punch 

Cold  chisels 

Stockers'  chisels  ....   

Stockers'  gouges 

Compasses pair. 

Spring    clamps 

Wood  clamps 

Drill  stock 

Drills,  assorted 

Die  stock 

Dies set. 

Piles,  assorted 

File  handles 

Glue  pot 


Carried  forward 2001.53 


Lbs. 

179-2.50 

(I. :i() 
d.ii'.) 
0.50 
0.50 
0.50 
2.55 
9.00 

20.5 
50. 
6.5 

IN. 

IS. 

10. 
12. 


0.25 

(>.:MI 
2.  ( ill 
2.50 
0.40 
o.co 

0.50 
0.30 

().."»() 

G.75 
2.  (ID 
1.00 
0,18 
•S.I  10 
3.00 
0.45 
0.25 
0.75 
0.25 
21.50 
1.5 
2.15 


!  In  Box  D.  1.      17C.8&  lbs. 


I  In  box  D,  5;  placed 
[n  2  cans  |  on  the  pole  yokes 
In  2  cans  ]  and  rope,  between 
In  1  can     j       No.  -I  and  the   front 

[  of  the  wagon. 
On  the  gun  carriage  stock. 
Between  the  till  and   boxes   Nos. 

3,  4  and  5. 
On  box  No.  3. 
On  boxes  Nos.  4  atid  5. 


Box  D,  0 ;  placed  on  top  of  No. 
5,  against  the  front  of  the 
wagon. 
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Contents  of  Way  on  Body,  D — Continued. 


TOOLS  AM)  STORES. 


NO.        WEIGHT. 


Brought  forward 


a i:\hirers'  tools — f Continued.) 


Spring    hooks 

Bench   hammers 

Drawing  knife 

Nippers pairs 

Plyers pairs. 

Reamers,  assorted 

Spring  compasses pair. 

Rilller 

Bench   stake 

Hack  saw  Ira  me. 

Hack  saw  blades 

Armorers'  punches 

Screw  drivers,  brace 

Rule,  2  feet 

Armorers'  tongs 

Screw  taps 

Breeching  vice 

Hand  vices 

Bevel  vice 

Breeching  wrench 

Tap    wrench  

Straight  edge 

Bayonet  mandril 

Soldering    irons 

Screw  wrench 

Oil  cans,  small 

Tinners'  shears pair 

Brass  scale,  1  foot 

Klint  screw  wrencl 


I  l;u  ersacks 

Tube  pouches  

Thumb  stalls 

Linen  canvas yards 

Sperm  or  wax  candles lbs 

Nails.  Id.  to  lOd lbs. 

Shoeing  tools set. 

Spades , 


Carried  forward 2164  .13 


Lbs. 
•2004.  53 


0.63 
5.35 
1  .25 
0.90 
0.90 
1.40 
0.21 
0.25 
6.50 

1 . 
1. 

0.38 
0.75 
0.15 
2.50 
0.50 
7. 
3. 

1 .75 
I  .80 
1 .20 
0.57 
2.50 
3.50 

2.  12 
0.22 
1  .1)0 
0.20 
0.06 

22.32 

7. (ill 
0.01 
7.50 

10. 
20. 
12.75 
30. 


I  In  Bex  L>.  6.      MI0  92  lbs. 


In  Box  l>,  7  ;   placed    on   top  ol 
No.   1,  and  against  No.  ti. 
37.46  lbs. 


In   Box    I  i.  s,  oil  lop  of  No.  3. 
Box  D,  9,  on  No.  3  and  on  the  till. 
In  shoeing  box,  on  No.  3. 
In  the  till,  on  each  other;  the  bits 
against  the  back  of  the  wagon 


BATTERY    WAGON    FOR    FIKLD    PARK. 

Contents  of  Wagon  Body,  T> — Continued. 
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TOOLS   AND   STORKS. 


WEIGHT. 


Broutrht  forward. 


Pick  axes,  without  handles 

Handles  (or  do 

Sash  cord pieces. 

Drill  how 

Barrel  wiper  and  scraper 


Quick  match lbs. 

Shoe  thread lbs 


Dark  lanterns 

Common    lanterns. 


Rammer   heads 
Sponges 

Paint  brushes. 


Hammer  Btaves. 


Heaping  hook 


Cross  cut  saw 
Pit  saw 


without 
handles. 


Handles  for        do 

Spare  stock  for  battery  wagon. 

Padlock 

Watering  bucket 

Poxes 

Tow 


Total 25b3.03 


Lbs. 

■2 164. 13 

14.50 
5. 
40. 

0.45 
2.5 


3. 
4.60 

1.40 
3. 

3. 

13.5 


5.75 


9. 
15. 


3. 

90. 

0.5 

8. 

155.20 

20.50 


in   the   till,  between   the  spade 
handles. 


[  In  the  till,  lying  on  the  bottom. 

Pox  D,  10;  in  the  left  side  of  the 
till,  in  front  of  the  spade  handles. 
In  the  till,  in  front  of  box  No.  10. 

In  the  left  side  of  the  till,  be- 
tween the  shoe  thread  and 
the  front  end. 

1  In  the  till,  between  the  lanterns 
J       and  the  side  of  the  wagon. 

On  box  No.  10,  and  by  the  side 
of  it. 

In  the  wagon  cover;  three  on  each 
side  of  the  ridge  pole,  secured 
with  2  wooden  buttons,  which 
are  fastened  to  the  ridge  pole, 
each  with  one  screw. 

Fastened  to  the  ridge  pole  with 
a  wooden  clamp  and  a  leather 
strap  passing  through  a  staple 
in  the  ridge  pole. 

fin  the  wagon  cover,  laid  on 
each  other,  and  fastened  by 
2  wooden  clamps  ;  the  teeth 
of  the  cross  cut  saw  against 
the  right  cover  rail;  the  han- 
dle end  of  the  pit  saw  against 
the  rear  board  of  the  cover. 

On  the  spade  handles. 
On  its  hook. 


;J2a 


CM  A  I'.     XI.  —  EQUIPMENT. 


Weights  oj   Forges  and  Battt  ry  Wagons  equipped  for  fu  hi  , 


DESIGNATION. 


Body  complete,  without  wheel 
Two  wheel* 

Anvil    and  water  buckets 

Stores  in  iron  room 

Stores  in  coal  box 

Limber   body,  without  wheels. 

Two  wheels 

Limber  chest,  empty 

Stores  and  tools  on  the  limber. 


Total  weight. 


BATTERY  WAGON. 


l?ody  complete,  without  wheels. 

Two  wheels 

Stores  in  wagon  body 

Limber  body,  without  wheels.  .  . 

Two  wheels 

Limber  chest,  empty 

Stores  and  tools  on  the  limber  .. 


For  the 
Battery. 


For  the 

Park. 


Lbs. 


Lbs. 


997 

997 

iO 

360 

lis 

118 

320 

-155 

255 

255 

i 

360 

360 

!.-.s 

L58 

332 

3,383 

3.370 

Lbs. 

Lbs. 

910 

910 

360 

1,289 

2,583 

335 

335 

360 

300 

158 

1 58 

162 

209 

Total  weight  (exclusive  of  forge) I    3,574 


4,915 


llKI.D    TRAIN. 


FIELD    TRAIN 


:J29 


Ordnance. 

The  proportion  of  artillery  to  other  troops  varies  generally  between  the  limits 
of  1  and  o  pieces  i"  1,000  men.  according  t>>  the  force  of  the  army,  the  character 
of  the  troop-;  of  which  it  is  composed,  the  force  and  character  ol"  the  enemy,  the 
nature  of  the  country  which  is  to  lie  the  theatre  of  war,  and  the  character  and 
objects  of  the  war. 

Similar  considerations  must  regulate  the  selection  of  the  kinds  of  ordnance 
and  the  proportions  of  the  different  kinds  in  the  train. 

The  following  principles  may  be  observed  in  ordinary  cases: 

,  •   ,  (  [  are  12-pdrs. 

(  3   guns,  ol  which  I  i      „     ,-      i    . 

2  pieces  to  1,000  men  }|     (l  ^jP      "  or  ^    . 

^  J  howitzers,  ol  which     1|     l(  ^-ndrs. 

Distributed  as  follows  : 

For  the  infantry:  1  piece  to  1,000  men — 6-pdr.  guns  and  12-pdr.  howitzers,  in 
batteries  of  foot  artillery. 

For  the  cavalry:  2  pieces  to  1,000  men — 6-pdr.  guns  and  12-pdr.  howitzers,  in 
batteries  of  horse  artillery. 

For  the  special  and  general  parks  of  reserve  : 

fiin  12-pdr.  batteries  )     .-  .- ,     „,  -,,   ... 

,      .         ,     ,  „,.„  :  ,.  '   |  \  ol   loot  artillery. 

1  piece  to  1,000  men-   $  "     6-pdr.       do.        J 

(i  ••    6-pdr.  batteries  of  horse  artillery. 

Ammunition  for  Cannon. 

'200  rounds  to  each  piece,  both  of  the  reserves  and  of  the  active  batteries. 

The  ammunition  which  cannot  be  carried  in  the  caissons  attached  to  the  pieces 
will  be  Kept  in  boxes  with  the  reserves. 

Additional  supplies  of  ordnance  and  ordnance  stores  are  placed  in  convenient 
depots,  according  to  circumstances. 

Ammunition  for  Small  Arms. 

100  rounds  to  each  man  ;  of  which,  for  the  musket,  40  rounds  are  in  the  car- 
tridge box.  tiO  in  the  parks  of  reserve.  In  the  same  proportion  for  other  small 
arms. 

5  flints  to  100  rounds,  for  arms  with  flint  locks. 

Percussion  caps  in  the  proportion  of  12  caps  to  10  cartridges. 
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CHAP.    XI . BQD  1  I'M  KNT. 


Composition  of  a  Battery  on  the  War  Establishment. 


KIND  OF  BATTEUY. 


12-PDR.  G-PDR. 


f  12-pounders  mounted 
- <    ..  '  ,  , 

I    o-pounders         do. 

. .  f  24-pounder  do. 

Howitzers  . . .  <  ,n  '  , 

(  12-pounder  do. 

Total  number  of  pieces 

f  for  guns 

{  for  howitzers 


i  'AISSONS-  .  . 


Travelling  Forge. 
Mattery  Wagon... 


Whole  number  of  carriages  with  a  Battery 

f. 


Shot 

For 4  guns -J  Spherical  cast 

( 'anisters 


Ammunition.. 


Shells 

For  2  howitzers,  -j  Spherical  case. 
( 'anisters 


Total  number  of  rounds  with  a  Battery. 


...  TT  (<>  to  each  carriage. .. . 

Draught   Horses.  {  a 

(  Sparc   horses — one  tw< 


llili. 


Tola 


12 


20 


560 
224 
112 


896 

Mis 

112 

42 


322 


1,218 


120 

10 


130 


)  I 


560 
SO 
160 


800 


120 
160 


,112 


1,112 


84 

7 


91 


Note.— For    two    32-pdr.    howitzer    carriages    and  1  Q    ,      •     , 

.       .  .  /        c  ,       c  ■.■■■{  Spherical    cat 

4  caissons,  the  number  of   rounds  of  ammunition  is  )  .,'     . 

{  Canisters 


....112 
:...  84 
...    14 


Total 


.210 


Harness,  corresponding  with  the  number  of  horses  to  the  carriages. 


FIKLD    TRAIN. 


:«l 


Battery  of  Mountain  Howitzers. 

Howitzers 6 

Gun  carriages 1 

A  in  in  u  n  it  ion  chests 36  (48  rounds  lor  each  howitzer) 

Forge  and  tools,  in  2  chests  1 

Sets  of  carriage  makers'  tools,  in  2  chests  ..   1 

Pack  saddles  and   harness 33 

Horses  or  mules 33 

Such  additional  supplies  of  the  above  kinds  as  may  be  thought  necessary  will 
be  carried  with  the  park  of  reserve,  together  with  the  necessary  ammunition  for 
infantry,  in  packs. 

A  mountain  howitzer  ammunition  chest  will  carry  about  700  musket  ball  car- 
tridges. 

Rocket  Battery. 

No  regular  organization  of  a  rocket  battery  has  been  arranged. 
The    Mixture  and   number  of  rockets,  and  of  carriages  or   conductors,  will  be 
determined  by  the  character  of  the  service  for  which  they  may  be  required. 


The  Field  Park. 

The  spare  carriages,  reserved  supplies  of  ammunition,  tools  and  materials  (or 
extensive  repairs,  and  for  making  up  ammunition,  for  the  service  of  an  army  in 
the  field,  from  the  Field  Pari,  to  which  should  be  attached  also  the  batteries  ot 
reserve. 

The  quantities  of  these  supplies  must  depend  in  a  great  manner  on  the  parti- 
cular circumstances  of  the  campaign. 

The,  ammunition  required  for  artillery  and  small  arms  (according  to  the  pro- 
portions above  stated),  in  addition  to  what  can  be  carried  by  the  batteries  and 
the  troops,  will  be  carried  with  the  park,  in  caissons,  or  in  store  wagons. 

The  following  carriages  and  stores,  in  due  proportion,  according  to  circum- 
stances, will  also  form  parts  of  the  field  park,  viz: 

Spare  gun  carnages,  1  to  each  field  battery. 

Travelling  Faroes,  B  )  ,-,  r        , 

»  ..        tt>  ii  )■  One  or  more  of  each. 

Battery   Wagons,     V  \ 

Spare  spoles.  f)0  to  each  battery,  ") 

Spare  fellies,  20  to  each  battel y,    |T       ._      „,„   __ 
C  __  i  J      [- In  store  wagons. 

In  boxes  I 


Spare  harness. 

Horse  f/wes  and  nails 
Gunpowder. 
Saltpetre. 
Sulphur. 
Charcoal. 
Laboratory  paper. 
Percussion  caps  tor  small  arms 


Cannon  primers,  percussion  and  friction. 

Fuzes  and  fuze  plugs  for  field  service. 

Stuff  for  cartridge  bags. 

Woollen  yarn. 

Cotton  yarn. 

Glue. 


:{:>;!  <  n  w.  xi — bqi  ipmen  r. 


SIEGE  TRAIN. 

The  number  and  kind  of  cannon  for  a  siege  train  must  be  determined  by  the 
circumstances  of  each  case,  but  the  following  general  principles  maybe  observed 
in   assigning  the  proportion  of  different  kinds  and  calibres,  and  the  relative 

quantity  of  other  supplies,  for  a  Train  of  100  pieces  of  ordnance. 

( -annon. 

(-  f  24-pdr about  one-faalf  of  the  whole  number 50 

( lS-pclr.  or  12-pdr  ..about  one-tenth  "  lo 

Howitzers,  b-in.  siege. ...about  one-fourth  "  2-r> 

MoRTABS.  [  10-in.  siege... about  one-eighth  «  12 

(    8-in.  siege. ..  about  3 

Stone  Mortars...  I  ■       ,,-..  .."    ,„„    .  (   f> 

(  !oehoB  it  Mortars.  )  ln  add,tl0n  lo  the  10°  P,ece8 {   6 

Wall  Pieces 10 

Gun  Carriages. 

For  24-pdr.  guns  and  B-in.  howitzers,  one-fifth  spare 90 

For  18-pdr.  and  12-pdr.  guns one- filth  spare 12 

For  10-in.  mortars  and  stone  mortars,  one-sixth  spare 21 

For    8-in.  mortars 1 

Other  Carriages. 

Mortar  Wagons.     1  for  each   10-in.  mortar  and  bed,  for  each  stone  mortar 

and  bed,  and  for  three  b-in.  mortars  and  beds 3b 

Wagons,- for  transporting  implement*,  intrenching  and  miners' tools,  labo- 
ratory fools  and  utensils,  and  other  stores— -each  loaded  with  about  2,700 

ll.s..  say MO 

Carts  (carrying  halls,  etc.,  on  the  march) 50 

/'.///,   A',///,  /  ii   Wit  irons,  fully   equipped 2b 

Park  Forges*  fully  equipped S 

Sling  Carls,  large 5 

Sling  Carts,  hand 4 

Draught  Horses. 

For  each  gun  and  howitzer,  with  us  carriage b 

For  each  spare  gun  carriage 0 

For  each  mortar  wagon 8 

For  each  I  lattery  wagon G 

For  each  forge 6 


SIF.GE    TRAIN.  MS 

For  each  cart 2 

For  each  sling  cart,  large - 

Spare  horses 1-1  Oth 


Total,  about 1,900  horse* 


Projectiles  and  Ammunition. 

f  Round  f800  to  each  24-pdr 10.000 

j    shot.    (  1,000  to  each  18  and  12-pdr in, hod 

toR  (jUins -,  Q.rape  ,1M(|  eanjsiepa  strapped,  20  rounds  m  each  piece.   1,200 

[  Spherical  case  strapped,  20  rounds  to  each  piece 1,200 

("Shells,  800  to  each  8-inch  how  itzer 20 

Fi>r  Howitzers  •  \  Canisters  strapped,  5  to  each L25 

(  Spherical  case  >i  rapped,  20  to  each  

(600  shells  to  each  10-inch 7,200 

Fob  Mortars.  ..  I  800  shells  to  each    8-inch 2.100 

(•200  shells  to  each  coehorn 1,200 

Gimpou-dcr, in  barrels lbs.. I 

Computing  for  <-a<  h  24-ponnder  round  shot,  one-third  the  weight  of  shot. 
Computing  for  each  IS  and  12-pdr.  round  shot,  one-fourth  the  weight  of  shot. 
Computing  for  each  grape   canister,  and  spherical  case,  one-sixth  the  weight  of 

shot. 
Computing  for  each  round  of  howitzer  ammunition.. 5  lbs. |ioc,udi        h         ^ 

Computing  for  each  round  of  10-inch  mortar 7  !l>>.  l  shell 

Computing  for  each  round  of    8-inch  mortar 'i  ll>s.  J 

Computing  for  cadi  round  of  coehorn i  ll>. 

Computing  for  each  round  of  stone  mortar 1  II). 

Cartridge  bags,  1  for  each  round. 

Cartridgi  paper,  bundles 

Wads — hay  wads,  made  in  the  Geld. 

Slow  match lbs . .    1,500 

Portfires 2,000 

Priruiiifr  tubes,  for  mortars 15,000 

Fuzes,  \  more  than  the  number  of  shells 10,000 

Woodt  a  h<  it  to  his  and  baskets  for  stone  mortals.  200  to  each 1 ,200 

Percussion- primers,  for  pieces  furnished  with  locks,  \  to  spare. 

Friction  tubes,  for  guns  and  howitzers,  1  to  each  round. 

Cartridges  for  wall  pieces,  500  rounds  to  each. 

Gartridgt  s,  powdi  r,  pel  evasion  oops,  flints  "ml  lead,  lor  small  arms,  according  to  the 

force  of  the  army. 
Most  of  the  ammunition  is  transported  by  hired  wagons. 
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Implements  and  Equipments. 


2  Sponges — 1  spare. 
2  Rammers — 1  Bpare. 
1  Worm  to  1  pieces. 
1   Ladle  to  1  pieces. 
8  Handspikes — 2  spare. 
1  Linstock. 

1  Pass  box  to  4  pieces. 
1  Tube  pouch. 
1  Haversack. 


FOR    EACH    GUN. 


2  Thumbstalls. 

2  Priming  wires — 1  spare. 

I  (runners'  gimlet. 

1  Tangenl  scale. 

1  Vent  cover,  or  lock  cover. 

1   Wilier  bucket. 

I  Broom. 

1  Percussion  lock  and  2  lanyards. 

2  Lanyards  for  friction  tubs. 


FOR  EACH  HOWITZER  AND  MORTAR. 


IMPLEMENTS. 


HOWITZER. 


Sponges  and  rammers 

Handspikes  (2  shod,  for  mortar). 

Linstocks 

I laversacks 

Tube  pouches  

Priming  wires 

Gunners'  gimlets 

Quadrants 

Fuze  setters 

Fuze  mallets 

Baskets 

Chocks  for  wheels 

Loading  longs 

Tompions 

Water  bucket 

Broom 

Percussion  locks  and  lanyards.. 
Lanyards  for  friction  primers... 

1  'lummets 

Pointing  wires 

Quoi 


2 — 1   spare 

ii — 2  spare 

I 

1 

1 

2 — 1  spare 

l 

1 

2—1   spare 

2 — 1  spare 

1 

2 

1 

1 

1 

1 

1 

2 


Shell  books 

Scrapers  

Spatulas 

< !  ii rs'  sleeves  (pair) 

Wipers  of  tow  linen  ... 


-1   spare 
-2  spare 

-]  spare 


2 — 1  spare 

1 

1 

2 — 1   spare 

2 — 1   spare 


#  2 


*  2 — 1   spare 

1 

•  i 

J 
1 


Scales  and  weights,  or  a  spring  balance,  funnel,  set  of  powder  measures  of  3 
sizes,  and  fuze  extractor,  to  each  battery  magazine. 

Implements  marked  *  are  not  required  for  the  stone  mortar. 

The  number  of  implements  must  be  proportioned  to  the  whole  number  of  gun 
carriages,  including  the  spare  carriages. 

One  tar  bucket  to  each  travelling  carriage. 
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Platforms. 

For  guns  and  howitzers 1-1  Oth  spare. 

For  mortars 1-Sth       do. 

Embrasure  Sh  utters. 

For  half  the  number  of  guns  and  howitzers. 

Spare  parts  of  Carriages. 

Proportion  to  the  number  of  parts  in  the  carriages: 

Pintles  for  siege  carriages l-30th. 

Nuts  and  washers,  assorted 1-1  Oth. 

Li nch  pins l-5th. 

Axletrees l-20th. 

Wheels l-15th. 

(Shoulder l-20th. 

Axle  Washers  I 

(.Linen l-10th. 

Cap  squares 1-lSth. 

Pules,  one-half  ironed 1  -4t h. 

Elevating  screws 1-Sth. 

Leading  bars,  one  half  ironed 1-Sth. 

Spare  parts  of  field  carriages,  as  for  field  batteries. 

Timber  and  other  Materials  for  Repairs. 

Proportion  to  the  number  of  parts  that  enter  into  the  construction  of  the  car- 
riages : 

Axle  bodies  for  siege  carriages  l-50th — Breech  bolsters  l-20th — Cheeks  l-30th 
—  Fellies  l-50th— Spokes  l-30th— Fork  saddles  l-30lh— Poles  l-20th— Hounds 
l-20th— Splinter  bars  l-20th — Leading  bars  l-10th — Square  timber  of  various 
scantling — Flank — Wooden  parts  of  mortar  wagons;  of  each  l-20th. 

Bar  iron  assorted,  80  lbs.  to  a  piece,  8,000  lbs. — Steel,  5  lbs.  to  a  piece.  500 
lbs. — Sheet  iron,  50  sheets — Iron  wire,  400  lbs. — Tin,  225  sheets — Nails,  assorted. 
300  lbs. — Screws,  assorted,  5  gross. 

Machines  and  Ropes. 

7  Gins,  with  tackle,  complete — 10  Lever  Jacks — 14  Screw  Jacks — 5  Lifting 
Jacks— 20  Wheelbarrows,  l-5th  for  shells — 7  Handbarrows — Balances,  for  weigh- 
ing— 10  Spare  gin  falls — 75  Double  prolonges — 75  Single  prolonges — Drag  rope*. 
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200—2.?   inch   rope.  500  fathoms— Men's   harness,  50 — Small   ropes,  200  lbs.— 
Twine,  of  various  sizes,  00  lbs. 

Tools. 

Sets  hi"  carriage  makers'  and  blacksmiths1  tool — Pioneers'  tools,  for  the  artil- 
lery alone,  40  to  a  piece,  say  4,000;  of  which  1,600  spades,  270  shovels,  2.000 
mattocks — 130  picks — Spare  tool  handles,  one  bait 

-.  5  to  a  piece,  500 — Hill  hooks.  2  to  a  piece,  200 — Saws,  various  kinds, 
100— 10-foot  rods,  2-foot  rules,  masons'  levels.  50  of  each— Mauls,  200— Scythes. 
8 — Miners'  tools — Baskets. 


Laboratory  Tools  and  Materials. 

2  Sets  of  Laboratory  tools;  see  CHAPTER  X,  page  231. 


Nitre,  pulverized 1 ,500   II 

Sulphur,    pulverized 100 

Charcoal,   pulverized LOO     ' 

Sulphur,  roll 100     ' 

Pitch 150     ' 

Rosin 150     ' 

Beeswax 50    ' 

Camphor 20 

Spirits  turpentine L0  g  B 

Sperm   oil 30     ' 

Linseed  oil 2    ' 

Tow — Tarred  links — Fire  stone,  etc. 


Twine .">()   lbs. 

Tarred  rope  yarn 

( 'i  ipper  wire 10     •■ 

Brass  wire 1" 

( 'nil. ui  yarn 25     " 

Glue 10     •' 

Wrapping  paper 10  reams. 

Tar 2  barrels 

Meal*  d    powder 300  lbs. 

Quick  match 150     " 

Torches 100 

Coal    1'ir   1  barrel. 


Implements  for  firing  Hot  Shot. 

1  Sets  —  See  CHAPTER  XIII. 


Instruments  <nirf  Books. 

2  Theodolites,  or  other  instruments  lor  measuring  angles— 2  Levels  ami  slaves 
— 2  Compasses — 1  Surveying  chains — Diagonal  scales — Cases  of  mathematical 
instruments — Spy  ^rlas~cs — Thermometer — Barometer. 

Books.  Ordnance  Manual  —  Artillery  lor  the  land  service — Tables  of  firing — 
Logarithmic  tables — Drawing  paper. 

Mis,;ll(ineoxis  Supplies. 

Smiths'  coal,  20  tons— Grease,  2.000  lbs.,  in  50  lb.  ke^s— Sand  bags,  500  to 
each  piece  of  ordnance — Ohevaux  de  friee — Scaling  ladders — Rampart  urates, 

50 — Tarpaulins,  various  sizes,  100 — 2  Grindstones — Lanterns.  100—  Sperm  can- 
dles, 150  lbs. — Lamp  lighters'  torches — Canvas  — Friction  matches,  in  small  tin 
eases. 
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ARMAMENT  OF  FORTIFICATIONS. 

The  kind  aiul  number  of  pieces  of  ordnance  required  for  the  armament  ol  each 
of  the  fortifications  are  prescribed  by  the  War  Department,  according  to  the 
character  and  extent  of  each  work. 

The  carriages,  ammunition,  implements,  equipments  and  other  supplies,  for 
a  tort  placed  on  the  war  establishment,  may  he  proportioned  to  the  number  of 
pieces  on  the  following  general  principles,  the  application  of  which  must,  how- 
ever, be  regulated  by  the  importance  of  the  position,  and  by  the  peculiar  circum- 
stances of  each  case. 


CARRIAGES. 


For  a  front  of  attack. 


For  other  land 
fronts  and  lor 
sea-coast  bat- 
teries. 


Gun    Car 

R1AGF.S. 


f  Casemate.. . . 

|  Barbette 

j  Siege 

|  Field  

I  Mortar  beds. 
Trench  carts,  tor  advanced 

works 

Sling   carts 

Tumbrils  or  hand  carts... 

Caissons 

Forges,  travelling  (besides 
permanent  forges) 


AMMUNITION. 

For  each  10-in.  columbiad  . 

For  each  gun  and  sea-coast 
howitzer  a  nd  S-in.  colum- 
biad   

For  each  'J  l-pdr.  howitzer. 

For  each  siege  howitzer  . . 

b'or  each  10-in.  mortar. . . . 

For  each   mortar 

For  S-in.  mortar,  stone  mor- 
tar and   Coehorn 


.1-fith 
,l-3d  . 
,l-3d  . 
.Kkl  . 
,l-4th 


I  to  '20  pieces 

1  to  25  pieces 

1  to  '20  pieces 

I  to  each  field  piece. 

I  to  30  pieces  of  all 
kinds. 


400  round.-' 


800 
100 
u00 
400 


*500 


l-20th 
l-10th 
l-10th 


l-10th 


1  to  25  pieces 
1  t  >  30  pieces 


250  rounds. 
100       '•       . 

200       "       . 

200       "       . 


|  More  than  the 

\      number    of 

pieces. 

J 


l-20th 
l-'2d 
1-201  h 


f  -Grape 

and 
j     Canis- 
[      ter. 


Stone,  100  lbs.  to  each  charge  of  a  stone  mortar. 

Rampart  grenades,  300  to  a  front  of  attack. 

For  each  piece  of  artillery  of  a  field  battery  for  sorties,  200  rounds. 


22 


Do. 

do. 

Do. 

do. 

Do. 

do. 

Do. 

do. 

Do. 

do. 

Do. 

do. 

Do. 

do. 

Do. 

do. 

Do. 

do. 

Do. 

do. 

Do. 

do. 

Do. 

do. 
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Gunpowder.     The  quantity  of  cannon  powder   may  be  calculated  on   the   fol- 
lowing principles  : 

For  each  charge  of  a  gun — J  of  the  weight  of  the  shot. 
10-in.  columbiud,  21    lbs. 

s-in.  do.  12     - 

24-pdr.  howitzer,  2     " 

8-in.  siege  howitzer,     I 

10-in.  sea-coast     do.     12     <: 

5-in.         do.  do.       S     " 

10-in.  mortar,  light,         7     ") 

10-in.       do.      heavy,    If)     "!  including  the  charge  of  the 
8.in.       do.  3     "  J      shell. 

13  in.       do.  30     "J 

Stone  mortar  1     " 

Coehorn  £  " 

To  spare;  for  mining,  fireworks   and  waste,  l-10th  of  the  whole,  including   a 
proportion  of  mealed  powder  and  its  components,  pulverized. 
Fuzes,  \  more  than  the  number  of  shells. 
Tubes,  J  the  number  of  rounds. 
Sloii)  match,  40  lbs.  to  a  piece. 
Cannon  cartridge  paper,  1  sheet  to  a  round. 
Sabots. 

Wooden  bottoms  for  stone  mortar's'. 
Portfires,  1  to  f>0  rounds. 

Percussion  primers,  \   more  than  the   number  of  rounds,  for  pieces  furnished 
with  locks. 

Friction  primers,  \  the  number  of  rounds. 


Small  Arms. 

Muskets i  ) 

Mu^ketoons ^  j  more  than  the  number  of  troops  of  the 

Pistols i  [-several     kinds,    supposed    to    be    fully 

Artillery  and   Infantry  swords....  ] -2.r>  |  armed  and  equipped. 
Cavalry  sabots 1-5   J 

Wall  pieces — f>0  to  a  front  of  attack,  or  a  from  exposed  to  escalade. 

Ammunition  :  Musket  cartridges,  for  each  man 400 

Muskeloon,  pistol  and  rifle  cartridges 100 

Cartridges  for  each  wall  piece 400 

.Spare  powder  for  small  arms,  l-25th  of  the  whole  quantity    "equired   for  the 
cartridges — Cartridge  paper  in  proportion. 

Flints,  1  to  10  rounds,  for  arms  with  f.int  locks. 

Percussion  caps,  in  addition  to  those  packed  with  the  cartridges,  {  the  number 
o/  rounds. 
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Implements  and  Equipments. 


FOR  EACH  GUN. 

FOR  BACH  HOWITZER. 

2    Rammer.- — 1  spare. 

The  same  as  for  a  gun,  omitting  pass 

2  Sponges — 1  spare. 

box,  and  adding : 

1    Worm.  |  ,     ,.     • 

1    Ladle,    tt06p,e<*8' 

1 

1 

Haversack. 
Fuze  setter. 

1   Linstock. 

1 

Fuze  mallet. 

1   Pass  box. 

1 

Fuze  extractor,  to  6  pieces. 

1    Budge  barrel. 

1 

Quadrant- 

1  Tube  pouch. 

1 

Fuze  saw. 

2  Thumhstalls — 1  spare. 

1 

Fuze  gimlet. 

2  Priming  wires — )  spare. 

L   Gunners'  gimlet. 

1   Hausse,  or  tangent  scale. 

1   Vent  cover,  or  lock  cover 

1    Percussion  lock  and  2  lanyards. 

2  Lanyards  for  friction  tubes. 

1    Water  bucket. 

FOR   BACH  MORTAR. 

1  Pair  shell  hooks. 

1  Scraper. 

1  Spatula. 

I  Pair  gunners'  sleeves 

1  Wiper. 

1  Fuze  setter. 

1  Mallet. 

1  Fuze  saw. 

]  Fuze  extractor,  to  G  mortars 

1  Basket. 

1  Broom. 

1  Tarpaulin. 

The  implements  for  shells  are  not  required  for  the  stone  mortar. 

For  each  Casemate  Carriage  (including  the  spare  carriages). — 2  Truck 
handspikes — 2  Chocks — 1  Broom. 

Fon  each  Barbette  Carriage:  2  Manoeuvring  handspikes— 1  Tarpaulin,  or 
other  cover — 1  Platform  and  1  maul ;  if  the  platform  is  not  permanent. 

For  each  Siege  Carriage:   1  Handspikes — 1  Maul — 1  Platform. 


1   Sponge  and  rammer. 
6  Handspikes--}  shod. 
1   Linstock. 
1   Haversack. 

1  Tube  pouch. 

2  Priming  wires. 

1   Gunners'  gimlet. 
1  Quadrant. 

1  Plummet. 

2  Pointing  wires. 
2  Quoins. 

1   Tompion. 
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Spare  Parts  for  repair  of  Carriages. 

Proportion  of  the  number  of  spare  parts  to  thai  of  similar  parts  which  belong 
to  the  carriages : 

Forks  lor  traversing  wheels  of  barbette  carriages   l-'JOth. 

Pintles  tor  siege  carriage  limbers l-.IOth. 

Pintles  for  casemate  carriages I -20th. 

Li  net)  pins l-.r)lh. 

I  for  siege  carriages 1  -20th. 

Axletrees  .[  for  barbette  carriages 1-1 0th. 

I  for  casemate  carriages l-40lb. 

Hollers  for  casemate  carriages l-40th. 

Bolster  plates,  for  pintles  not  permanently  fixed I- 1 0th. 

f  for  siege  carriages 1-lSth. 

I  for  barbette  upper  carriages  (including  rollers) l-'20lh. 

Wheels   j  for  casemate  do.  1-loth. 

I  for  barbette  chassis 1-IOtli. 

[  for  casemate  chassis l-10th. 

.     ,  ,  [shoulder l-'JOth. 

Axle  washers    \ 

llinch l-10th. 

Poles,  for  siege  carriage  limbers,  one  half  ironed I  -  ttli. 

Elevating  screws I -8th. 

Tongues  (iron)  for  casemate  carriages 1-1 0th. 

Nuts,  assorted l-10lh. 

Timber  and  other  Materials  for  Repairs. 

Cheeks,  stocks,  naves,  spokes,  fellies,  for  siege  carriages;  of  each  l-'20lh — 
Cheeks  of  mortar  beds,  ]-12lh.  Handspikes,  4  to  a  piece — Tool  handles,  \ — 
Sets  of  limber  for  barbette  carriages,  l-20th.  Ditto,  casemate,  l-10th — Iron 
assorted,  50  lbs.  to  each  piece — Nails  and  screws  assorted,  100  to  each  piece — 
Steel,  1  lb.  to  each  piece — Sheet  iron,  6  square  feet  to  each  piece — Tin,  .r>  sheets 
to  each  piece — Spare  parts  for  small  arms,  see  Chaptbe  VIII. 

Machines,  Ropes,  etc. 

Gins,  casemate  and  rampart,  as  may  be  required,  according  to  the  extent  of 
the  fort — Screw  jacks — Capstans — Lever  jacks — Wheelbarrows,  1  to  each  piece 
— Ilandbarrow,  for  shells,  1  to  each  mortar — Sling  handbarrow,  or  frame  hand- 
barrow  with  legs,  1  to  G  guns  and  howitzers — Platform  balance,  or  scales  and 
weights — Gin  falls,  l-5th  spare — Double  prolonges,  W  to  each  gin — Drag  ropes — 
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2J   in.   rope — Small   rope,  C>  lbs.  to  a   piece — Handspikes,  7  feet  long — Skids — 
Blocks — Rollers. 

Tools. 

Sets  of  carriage  makers",  smiths'  and  armorers'  tools — Intrenching  and  miners' 
tools — Saws — Levels — Paviors'  rammers — 10-foot  rods — 2-foot  rules — the  num- 
ber of  each  kind  to  be  regulated  by  the  particular  circumstances  of  each  case. 

Tools  and  Materials  for  Fireworks. — See  Chapteb  X. 

Laboratory  tools  and  materials,  ace  irding  to  the  extent  and  resources  of  the 
fort.     See  the  proportion  of  those  for  a  siege  train. 

For  each  night  of  a  siege,  or  lor  each  night  on  which  the  guns  will  probably 
be  served,  have  G  tarred  links  to  each  piece  mounted  on  the  ramparts  of  a  front 
of  attack,  or  of  a  sea-coast  battery,  and  5  lire  balls  for  a  front  of  attack — 6  car- 
casses lor  each  large  mortar  on  a  front  of  attack. 

Signal  rockets — Torches — Fire  stone,  etc.,  according  to  circumstances. 

Instruments,  Boohs  and  Stationer//. 

According  to  the  character  and  extent  oC  the  fort — See  Siege  Train. 

^^scella neo us  Supplies. 

Timber,  plank  and  boards — Wood  for  sabots,  fascines,  gabions,  ete. — Pickets 
— Coal,  5  tons  to  a  forge — Grease — Grindstones — Rampart  grates,  2  to  each  piece 
on  the  ramparts— Sand  bags,  for  the  batteries  of  the  front  of  attack — Lantern,  1 
to  each  piece — Candles — Oil — Fire  engine  and  buckets. 

Field  pieces,  forming  a  part  of  the  armament  of  a  fortification,  should  be  pro- 
vided with  their  caissons,  ammunition,  etc.,  as  for  service  in  the  field. 
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M  ES< '  1 1  A  XICAL  MA  NCEUVRES. 

A  board  of  officers  has  been  recently  charged  with  revising  and  arranging  the 
manoeuvres  of  heavy  ordnance:  some  general  directions  with  regard  to  the 
mechanical  manoeuvres  are  retained  here  for  present  use. 

FIELD    ARTILLERY. 

The  manoeuvres  may  be  performed  by  the  men  attached  to  the  piece,  and  re- 
quire no  other  implements  than  those  belonging  to  the  piece. 

Begin,  in  all  cases,  by  unlimbering  and  taking  on"  the  implements  attached  to 
the  carriage. 

To  change  a  Wheel. 

Tighten  the  cap  squares]  raise  the  elevating  screw  to  its  whole  height;  raise 
the  carriage  by  means  of  two  handspikes,  one  in  the  bore  of  the  piece,  and  the 
other  crossed  under  the  first;  support  the  carriage  whilst  the  wheel  is  changed. 
For  the  12-pdr.  carriage,  dig  a  hole  G  in.  deep  under  the  wheel  that  is  to  remain, 
in  order  to  prevent  it  from  sliding. 

To  dismount  a  Piece. 

lake  ofT  the  cap-squares;  run  up  the  elevating  screw  to  its  whole  height; 
raise  the  trail ;  stand  the  piece  upon  its  muzzle  on  the  ground,  and  withdraw  the 
carriage. 

To  mount  a  Piece. 

Put  a  handspike  under  the  piece  a  little  in  rear  of  the  rimbases,  and  another 
under  the  cascable;  place  2  men  at  the  first  handspike,  4  at  the  second,  and  2  at 
the  handles,  or  (If  the  piece  has  no  handles)  4  at  each  handspike,  and  raise  the 
piece  upon  its  muzzle;  bring  up  the  carriage,  raise  the  trail,  and  put  the  piece  in 
its  place;  put  on  the  cap  squares,  and  lower  the  trail,  relieving  the  weight  of  the 
piece  by  raising  the  muzzle. 

In  this  manoeuvre  and  the  preceding,  it  may  be  necessary,  with  the  12-pdr.  and 
larger  calibres,  to  make  a  hole  in  the  ground  for  the  muzzle. 

When  apiece  is  upset,  separate  it  from  its  carriage  and  remount  it  as  above. 


:>,11  CHAP.    XII. MECHANICAL    MANOEUVRES. 


To  transport  a  Piece  by  means  of  the  Zdmber. 

Detach  I  lie  prolonge  ;  place  the  limber  over  the  piece  so  that  the  pintle  hook 
shall  be  over  the  handles  (or  over  the  rear  of  the  trunnions),  with  the  breech 
toward  the  pole;  raise  the  pole,  and  elevate  the  muzzle  Ol  the  piece;  lash  the 
piece  to  the  pintle  hook,  with  the  prolonge,  by  passing  the  ring  ol"  the  prolonge 
twice  through  the  handles  (or  round  the  piece  in  rear  of  the  trunnions),  and 
over  the  pintle  hook  ;  with  the  loose  end  of  the  prolonge  lash  the  cascable  to 
the  fork  of  the  limber. 

Or,  the  gun  may  be  placed  on  blocks  at  the  proper  height,  and  then  lashed  to 
the  limber  as  before. 
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Implements. 

tj  Handspikes  ;  7  feet  long. 

1  Lever ;   15  feet  long,  5.5  in  square  ;  the  ends  bevelled. 

1  Lever  jack ;  or  blocks  for  fulcrum. 

3  Short  rollers,  for  guns;  12  inches  long;  6  in.  diameter  for  12  and  18-pdrs  ; 
7  inches  for  24-pdr.  These  rollers  are  hollowed  out  in  the  middle,  to  the  depth 
of  0.25  in. 

2  hong  rollers ;  42  inches  long,  G  inches  diameter. 

1  Small  half  roller ;  42  in.  long,  3  in.  diameter.  3  in.  high. 
1  Large  half  roller  ;  42  in.  long,  0  in.  diameter,  6  in.  high. 
'■>  Skids;  (i  feet  long,  8  inches  square. 

1  Plank  ;  07  in.  long,  12  in.  wide,  2.25  in.  thick.  The  ends  bevelled  on  oppo- 
site sides. 

4  Blocks  ;  23  in.  long,  8  in.  square. 

1  Half  blocks  ;  20  in.  long,  8  in.  wide,  4  in.  thick. 

2  Quarter  blocks;  pieces  of  plank,  20  in.  long,  (i  in.  wide,  2  in.  thick;  for 
manoeuvre  of  mortar  beds. 

1  "Purchase  block,  for  a  fulcrum;  12.5  in.  long,  7  in.  wide,  5  in.  thick,  furnished 
with  a  handle  32  in.  long,  like  a  maul;  a  groove  1.75  in.  wide  and  1  in.  deep  is 
cut  in  one  side  and  one  end. 

5  Gun  chocks;   wedges,  3.5  in.  long,  2.75  in.  wide,  2.5  in.  high. 

6  Wheel  chucks ;  7  in.  long:  the  cross  section  is  triangular,  base  0  in.,  height 
3.25  in.;  the  upper  angle  rounded. 

ii  Roller  chuck*;  made  like  the  wheel  chocks;  length  7  in.,  base  4  in.,  height 
1.5  in. 
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2  hong  skids ;  IS  feet  long,  s  in.  square  ;  for  rolling  gun>  on. 

]   Ham  in rr. 
1   Wrench. 


Ropes. 

1  Double  pro/vnge  :  ginii  3.25  in.,  length  78  feet;  a  loop  Is  in.  long:  ai  one  end. 

1  Single  prolongs;  girth  3  in  .  length  48  feet. 

1   Trace  rope  ;  girth  '2.25  in.,  length  30  feet. 

1  Lashing  line ;  girth  1.75  in.,  length  10  feet. 

The  prolonged  used  in  the  mechanical  manoeuvres  with  heavy  pieces  should 
he  designated  by  their  lengths,  in  order  to  distinguish  them  from  those  used  lor 
field  service. 

For  the  weight  and  strength  of  ropes,  see  Chapter  XIV. 

Knots  ;    Plate  19. 

A  non-commissioned  officer  and  11  men  are  required  for  the  manoeuvres. 

In  order  to  avoid  accidents,  the  functions  of  each  man  should  be  designated 
beforehand. 


Preliminary  Manoeuvres. 

Implements:  6  handspikes — 1  lever  jack — 1  gun  roller — 1  small  half  roller — 
1  large  half  roller — 4  blocks — 2  half  blocks — 1  purchase  block — 2  gun  chocks — 
4  roller  chocks — fi  wheel  chocks. 

1.  The  gun  being  on  the  ground,  to  place  blocks  under  the  chase  and  reinforce. 
Embar  with  four  handspikes,  two  on  each  side,  and  raise  first  the  chase  and 
then  the  breech,  to  place  the  blocks. 

To  take  them  out,  embar  as  before  and  remove  the  block  from  (he  breech  first. 

2.  The  gun  resting  on  tiro  blocks,  to  place  the  half  roller  under  the  reinforce. 
Place  two  blocks  parallel  to  the  piece,  and  by  two  purchases  with  the  lever, 
under  the  knob  of  the  cascable,  raise  the  breech  and  lay  the  large  half  roller 
across  these  blocks.  The  half  roller  is  taken  out  by  heaving  as  above,  and  the 
breech  is  supported  by  a  block. 

3.  The  gun  being  mo  anted  on  its  carriage  and  in  the  trunnion  holes,  either  lim- 
bered or  unlimbered.  to  place  a  roller  under  the  reinforce,  or  to  remove  it:  Bear 
down  on  the  muzzle;   place  or  remove  the  roller. 

4.  The  gun  being  in  the  travelling  position,  and  limbered  up,  to  place  a  roller 
miller  the  reinforce,  or  to  remove  it.  Heave  under  the  base  ring,  with  two  hand- 
spikes supported  on  the  purchase  block,  laid  on  the  stock  of  the  carriage:  raise 
the  breech,  and  place  the  roller,  or  remove  it. 
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To  place  this  roller  nearer  the  centre  of  gravity  of  the  piece  :  take  B  SeCOOlJ  pur- 
chase wil  h  i  he  handspikes,  supported  on  the  small  half  roller  laid  on  the  purchase 

block.     Tli is  roller  is  removed  by  raising  the  l>reecli  as  above. 

5.  The  piece  liems;  in  the  trunnion  holes,  to  unlimber.  Unhook  the  lashing 
chain:  raise  the  trail  by  means  of  a  handspike  placed  across  under  it,  assisting 
the  movement  by  bearing  on  a  handspike  inserted  in  the  bore.  When  the  pintle 
i-  disengaged,  remove  the  limber  and  lower  the  trail  to  the  ground. 

6.  To  limber  up.  Raise  the  trail  as  before:  back  the  limber,  insert  the  pintle 
in  the  pintle  hole,  and  hook  the  lashing  chain. 

7.  The  pica  being  in  the  travelling  potition,  to  unlimber.  Bear  down  on  the  pole 
which  will  raise  the  stock  sufficiently  high  to  place  4  blocks  and  a  half  block 
under  the  middle  of  the  stock  ;  raise  the  pole  to  disengage  the  pintle  and  remove 
the  limber. 

To  lower  the  trail  "n  the  ground.  Take  a  purchase  with  the  lever  under  the 
trail,  shift  the  blocks  under  the  manoeuvring  bolts,  remove  successively  at  each 
purchase  a  half  block,  or  a  block,  as  the  lever  will  allow,  and  lay  a  chock  in 
place  of  the  lowest  block  which  can  be  removed  with  a  lift  of  the  lever,  or  with 
handspikes. 

In  the  mortar  wagon,  lirsi  raise  the  pole,  and  lay  a  half  roller  on  the  end  of  the 
fork  against  the  pintle  ;  on  lowering  the  pole,  the  stock  is  raised  sufficiently  to 
place  the  blocks  as  above. 

8.  To  limber  up.  The  trail  is  raised  on  four  blocks  and  a  half  block  by  suc- 
cessive purchases  with  the  lever,  as  in  lowering  it,  placing  a  block  or  half  block 
at  each  heave,  as  the  lilt  will  allow. 


To  change  a  Piece  from   the    Trunnion    Holes  to  the    Travelling 

Position. 

Required:  11  men— 6  handspikes — 1  gun  roller — I  small  half  roller — 1  pur- 
chase block — 2  gun  chocks — 4  roller  chocks — 0  wheel  chocks — 1  trace  rope. 

The  carriage  must  be  limbered  up,  or  the  trail  raised  upon  3  blocks  and  a  half 
block. 

Chock  the  wheels;  depress  the  muzzle;  remove  the  elevating  screw,  and 
place  a  roller  under  the  reinforce. 

Lift  the  muzzle,  pushing  the  piece  back,  hauling  at  the  same  time  on  the  trace 
rope  attached  to  the  knob  of  the  cascable.  until  the  trunnions  come  over  their 
position.     Remove  the  roller,  and  lower  the  breech  on  the  bolster. 
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To  Change  a   Piece  from  its  Travelling  Position  to  the  Trunnion 

Holes. 

The  carriage  being  limbered  up,  or  the  trail  resting  on  1  blocks  and  1  halt 
block. 

Place  a  roller  under  the  reinforce  as  near  as  possible  to  the  nmbases. 

Raise  the  chase,  and  let  the  gun  run  forward  to  its  position,  cheeking  it  with 
the  trace  rope  attached  to  the  knob  of  the  eascable.  As  soon  as  the  trunnions 
pass  over  the  chin  bolts,  depress  the  muzzle,  and  the  trunnions  drop  into  their 
holes. 

Remove  the  roller  and  put  in  the  elevating  screw. 

To  Change  a  Wheel. 

II  Men — 1  lever  jack — 12  wheel  chocks. 

Chocl;  the  wheel  which  is  to  remain  ;  raise  the  carriage  by  means  of  the  lever 
jack  applied  in  front  of  the  axletree,  and  support  it  until  the  wheel  is  changed. 

To  Mount  a  Piece  on  its  Carriage. 

11  Men — 0  handspikes — 1  lever  and  blocks  (or  a  lever  jack) — 1  gun  roller — 
1  small  half  roller— 1  large  hall"  roller — 2  skids — 4  blocks — 4  half  blocks — 1  pur- 
chase block — 2  gun  chocks — 4  roller  chocks — 0  wheel  chocks — 1  trace  rope. 

The  gun  resting  on  two  blocks,  bring  up  the  carriage  unlimbcred,  in  line  with 
it,  the  trail  2  yards  from  the  muzzle  :  Place  the  large  half  roller  in  rear  of  the 
rimbases,  resting  it  on  the  two  skids  ;  raise  the  chase  by  a  handspike  placed  across 
under  the  neck,  and  run  the  carriage  back  until  the  swell  of  the  muzzle  rests  on 
the  bolster.  With  the  lever  jack,  raise  the  breech  and  place  two  blocks  on  the 
skids,  one  under  each  end  of  the  large  half  roller.  Lift  the  chase,  and  run  back 
the  carriage  until  the  bolster  touches  the  half  roller;  take  a  purchase  under  the 
breech,  and  continue  to  raise  it  until  two  half  blocks  arc  placed  under  each  end 
of  the  half  roller.  Lift  the  muzzle,  by  inserting  a  handspike  in  it,  and  run  back 
the  carriage  until  the  rear  ends  of  the  cheeks  touch  the  half  roller,  and  the  trun- 
nions are  over  their  travelling  position.  Raise  the  trail  with  the  lever,  and 
remove  the  4  blocks  and  a  half  block  to  the  trail  under  the  position  of  the 
manoeuvring  bolts.  Lift  the  chase  and  insert  a  gun  roller  by  the  front  as  far  as 
the  half  roller;  depress  the  muzzle,  to  make  the  piece  bear  on  the  roller.  Change 
the  piece  to  the  trunnion  holes. 

To  Dismount  a  Piece. 

The  same  implements  required  as  for  mounting  it.  Lift  the  trail  by  a  hand- 
spike across  under  it,  and  support  it  on  3  blocks  and  a  half  block,  under  the 
manoeuvring  bolts. 
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Change  the  piece  over  the  travelling  trunnion  bolts,  and  when  the  roller  is 
removed,  place  the  large  half  roller  on  ihe  stock  against  the  r«  ar  of  the  cheeks. 
Take  a  purchase  under  the  trail,  with  the  lever  jack,  and  remove  the  blocks  to 
the   skids,  placing  '-'  blocks  and   2  half  block8  on  each  r- k  f <1  under  the  ends  ol"  the 

half  roller  :  as  the  trail  eomes  to  the  ground,  the  ends  hear  on  these  bloeks.  Raise 
the  muzzle,  and  run  out  the  carriage  until  the  muzzle,  resting  on  the  stock,  is 
within  6  in.  of  the  rear  end  of  the  cheeks.  Raise  the  breech,  and  lower  the  hall' 
roller  by  a  block  on  each  side.  Lift  the  muzzle  and  run  out  the  carriage,  until 
the  swell  of  the  muzzle  rests  on  the  bolster.  Raise  the  breech  and  remove  1 
block  and  1  half  block;  lilt  the  muzzle,  remove  the  carriage,  and  let  the  muzzle 
rest  on  a  block;  take  out  the  half  roller  and  leave  the  piece  on  2  blocks. 

Notb. — Tin'  manoeuvre  of  mounting  a  gun  may  also  be  performed  expedi- 
tiously, without  the  use  of  the  lever  jack,  by  raising  the  muzzle  and  the  breech, 
in  succession,  and  placing-  two  sets  of  blocks  under  the  piece,  near  the  trunnions, 
until  it  is  raised  so  as  to  rest  on  two  skids,  with  four  blocks  and  a  large  hill 
roller  in  each  set.  In  this  position,  by  bearing  down  the  muzzle  and  removing 
the  rear  set  of  blocks,  the  carriage,  limbered  up.  may  be  run  under  the  breech; 
a  roller  is  then  placed  on  the  stock,  and  ihe  gun  is  hauled  back,  with  a  rope 
attached  to  the  knob  of  the  cascable,  until  the  trunnions  are  over  the  trunnion 
holes.  Remove  the  front  set  of  blocks  and  the  roller,  and  lower  the  piece  into 
its  place. 

This  method  requires  10  additional  blocks.  20  inches  long.  S  inches  square. 

The  gun  may  be  dismounted  in  like  manner,  by  an  inverse  manoeuvre. 


To  Change  a  Carriage. 

11  men — 1">  handspikes — 3  gun  rollers — 1  small  half  roller — a  plank  with  bevelled 
ends — 2  gun  chocks — 6  roller  chocks — f>  wheel  chocks. 

The  carriage  with  the  gun  being  uulinibered.  bring  up  the  new  carriage  lim- 
bered up.  in  line  with  the  lirst  ;  the  head  ol'  its  cheeks  two  yards  from  the  trail  of 
the  other  carriage.  Place  a  gun  roller  under  the  reinforce  of  the  gun,  and  lilt  up 
the  muzzle,  to  raise  the  trunnions  from  the  trunnion  holes,  into  which  insert  ihe 
lower  end  of  two  handspikes,  and  let  the  trunnions  rest  on  them.  Run  up  the 
new  carriage,  over  the  stock  of  the  first,  until  the  wheels  touch,  taking  care  that 
they  are  in  the  same  line.  .Slide  the  plank  forward  between  the  cheeks,  until  it 
bears  upon  the  heads  of  both  stocks,  and  wedge  one  of  the  gun  rollers  on  the 
stock  of  the  lirst  carriage,  so  that  it  will  support  the  plank  if  the  weight  of  the 
gun  causes  it  to  spring;  place  a  roller  on  the  plank  near  the  rimbases,  and  make 
the  trace  rope  fast  to  the  knob  of  the  cascable.  Lift  and  push  at  the  muzzle; 
haul  on  the  rope,  placing  a  second  roller  under  and  near  the  base  ring,  and  let  it 
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clear  the   plank  and  rest  on  the  stock,  touching  the  plank,  when  the  trunnions 
are  over  the.  chin  bolts. 

Take  two  or  three  turns  with  the  rope  around  the  manoeuvring  bolts,  and  hold 
taut  on  the  rope.  Raise  the  muzzle  :  take  out  the  front  roller  by  the  head  of  the 
cheeks,  and  run  the  first  carriage  forward,  lifting  the  muzzle  and  letting  it  rest 
on  the  stock  as  the  carriage  is  moved  off  gradually.  The  trunnions  will  hear  on 
the  rear  edges  ot  the  trunnion  holes.  When  the  lirst  carriage  is  out  of  the  way, 
remove  the  plank  by  the  front,  and  insert  a  handspike  in  the  muzzle  :  raise  and 
work  it.  slacking  oh*"  the  rope  at  the  same  time  sufficiently  to  let  the  trunnion* 
drop  into  their  places.  Put  in  the  elevating  screw;  remove  the  roller  and  rope. 
and  put  on  the  cap  squares. 


To  place  upon  a  Mortar  Wagon  a  Mortar  on  its  bed. 

1  1  Men— 6  handspikes— 'J  long  rollers — 1  block — 2  half  blocks—  1  roller  chocks 
— 6  wheel  chocks — "2  quarter  blocks — ]   single  prolonge. 

The  mortar  being  on  its  bed.  the  mortar  wagon  unlimbered  is  placed  in  the 
prolongation  of  the  axis  of  the  bed.  the  trail  two  yards  from  the  rear  of  the  bed. 
Place  the  quarter  blocks  under  the  heads  of  the  cheeks;  lift  the  rear  of  the  bed 
by  handspikes  at  the  rear  notches,  and  place  a  handspike  under  it,  or  support  it 
by  the  half  blocks  under  the  cheeks.  Use  the  block,  with  chocks  on  it,  as  a 
fulcrum  ;  take  a  purchase  under  the  rear  part  of  the  transom  and  lift  it,  placing  a 
roller  under  the  middle  of  the  bed,  its  ends  resting  on  the  two  half  blocks.  Run 
the  wagon  back,  the  stock  under  the  middle  of  the  bed  ;  place  the  second  roller 
on  the  stock  above  the  nuts  of  the  pintle  plate  bolls.  Double  the  prolonge,  and 
hook  the  middle  of  it  on  the  hooks  of  the  windlass  ;  take  a  turn  with  each  end 
round  the  windlass  and  carry  the  ends  to  the  rear  manoeuvring  beds;  take  a 
turn  round  each  and  make  the  ends  fast.  Heave  at  the  windlass  :  when  the 
roller  on  the  half  blocks  is  free,  replace  it  under  the  ends  of  the  cheeks,  as  the 
mortar  rises  on  the  wagon,  and  draw  it  up  until  the  rear  ends  of  the  cheeks 
touch  the  rear  cross  bar  plate.  The  roiler  will  be  in  front  of  the  centre  of  grav- 
ity, and  the  ends  of  the  cheeks  will  touch  the  bottom  boards.  Limber  up- 
Take  the  rope  from  the  roller;  carry  the  bight  to  the  front,  draw  the  mortar 
forward  to  its  proper  position.  By  a  purchase  under  the  transom,  with  two 
handspikes,  remove  the  roller  and  lower  the  bed  on  a  handspike.  Take  a  second 
purchase,  with  half  blocks  for  supports,  under  the  rear  notches  of  the  cheeks  : 
remove  the  handspike,  and  let  the  mortar  down  on  the  wagon. 
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The  Mortar  on  the  Mortar  Wagon,  to  lower  it  to  the  ground. 

The  same  Implements.  Place  the  roller  under  the  bed,  by  raising  it  in  ihe 
same  manner  as  for  removing  the  roller.  Fix  the  rope  to  the  windlass  and  take 
us  many  turns  round  it  as  are  required  for  drawing  the  mortar  up.  Attach  the 
ends  to  the  rear  manoeuvring  bolts;  work  the  windlass  and  draw  the  mortar 
back,  till  the  rear  ends  of  the  cheeks  touch  the  rear  cross  bar.  Unlimber.  Lower 
away  by  unwinding  the  windlass,  placing  a  second  roller  under  the  head  of  the 
checks,  as  the  first  passes  the  centre  of  gravity  ;  and  when  the  latter  is  free, 
place  it  under  the  head  of  the  cheeks,  when  they  come  near  the  two  halt  blocks 
laid  on  each  side  of  the  trail.  When  the  ropes  no  longer  bear,  take  them  oil'  of 
the  bolts.  Place  the  quarter  blocks  under  the  head  of  the  cheeks,  and  run  the 
bed  forward  with  handspikes,  as  into  battery.  Remove  the  wagon  ;  and  by 
raising  the  rear  of  the  bed,  as  at  first,  take  out  the  roller  and  let  the  bed  rest  on 
the  ground. 

To  Mount  a  Siege  Mortar  on  its  bed. 

-I  Handspikes;   1  single  prolonge ;    1  hammer;   1  wrench. 

Raise  the  mortar  on  its  muzzle;  bring  up  the  bed,  the  front  transom  within  0 
in.  of  the  mortar,  the  vent  of  which  should  be  on  the  side  opposite  to  the  bed. 
Take  a  double  turn  with  the  middle  of  the  rope  round  the  mortar,  close  to  the 
muzzle  ring,  the  tie  ill  front;  bring  the  ends  up  over  the  trunnions,  and  carry 
them  to  the  rear.  Place  two  handspikes  under  the  trunnions,  the  lower  ends 
resting  on  the  platform,  or  on  the  ground.  Heave,  and  haul  the  mortar  against 
the  bolster;  place  I  handspike  under  each  trunnion,  the  ends  resting  on  the  bol- 
ster, and  two  other  handspikes  between  the  heads  of  the  cheeks  and  the  mortar. 
Heave  and  haul,  to  raise  the  mortar  on  the  bolster.  As  soon  as  it  is  sufficiently 
raised,  shift  one  of  the  handspikes  from  under  the  piece  to  the  bore  ;  heave  again, 
and  the  mortar  will  fall  into  its  place. 

Remove  the  rope  and  put  on  the  cap  squares. 

To  put  on  or  to  remove  the  cap  squares,  it  is  necessary  to  bring  the  mortar  into 
a  vertical  position.  To  do  this,  place  'i  handspikes  in  the  muzzle,  and  support 
them  by  a  wheel  chock  or  a  piece  of  plank;  fasten  the  middle  of  the  rope  to  the 
ends  of  the  handspikes,  and  haul  on  the  rope,  assisted  by  tWo  handspikes,  with 
which  the  mortar  is  chocked,  when  it  becomes  upright. 


To  Dismount  a  Mortar  from  its  bed. 

Bring  the  mortar  vertical  as  above  described,  and  remove  the  cap  squares;  take 
the  handspikes  out  of  the  bore  ;  pass  the  middle  of  the  rope  around  the  mortar, 


SIEGE    ARTILLERY.  351 

just  under  the  muzzle  ring,  and  carry  the  ends  to  the  rear;  give  a  smart  haul  on 
the  rope,  assisted  by  two  handspikes,  and  the  mortar  will  fall  over  the  transom 
and  light  on  its  muzzle. 

A  mortar  standing  on  its  face  may  be  moved  (cut)  by  means  of  two  hand- 
spikes lashed  to  the  trunnions. 

The  mortar  wagon  also  serves  for  transporting  n  gun,  which  is  drawn  up  on 
rollers,  breech  lirst.  in  a  similar  manner  to  the  mortar  and  bed. 

The  piece  can  be  shifted  very  quickly  from  this  wagon  to  its  carriage,  both 
being  limbered.  The  carriage  and  wagon  are  placed  on  the  same  line;  the  head 
of  the  cheeks  next  to  the  windlass,  the  wheels  touching.  Place  2  large  rollers 
under  the  piece,  and  a  gun  roller  on  the  head  of  the  stock;  make  the  middle  of 
the  trace  rope  fast  to  the  knob  of  the  cascable,  and  run  the  piece  back  until  the 
trunnions  are  over  the  trunnion  holes.  Remove  the  wagon,  and  lower  the  trun- 
nions into  their  holes.  In  a  similar  manner,  the  gun  is  changed  from  its  carriage 
to  the  wagon. 

The  lifting  jack  (a  powerful  geared  screw  jack),  is  very  useful  with  siege  bat- 
teries. It  may  be  used  in  place  of  the  lever  jack  with  fewer  men,  but  requires 
more  time.  For  any  single  operation,  it  is  extremely  convenient;  as,  with  it,  any 
part  of  a  gun  or  carriage  can  be  raised. 


To  Transport  a  Piece  with  a  Sling  Cart. 

l*t.  With  the  common  sling  cart.  10  Men — 1  piece  of  5-in.  rope — 1  double 
prolonge,  or  2  single  ones — t  chocks  for  wheels — 0  handspikes. 

The  piece  being  raised  from  the  ground  on  blocks,  bring  up  the  sling  cart  over 
the  piece,  the  breech  toward  the  pole;  raise  the  pole  vertically,  by  hand  and  by 
means  of  a  prolonge  attached  to  the  end  of  it,  and  keep  it  in  that  position  by 
passing  a  handspike  on  each  side  of  it  between  the  spokes  of  the  wheels.  Sling 
the  piece  with  the  rope  passed  under  it  before  and  behind  the  trunnions,  and 
over  the  bolster;  take  out  the  handspikes  from  between  the  spokes,  and  lower 
the  pole  by  means  of  the  prolonge  and  by  hand  :  lash  the  breech  to  it,  and  bring 
up  the  limber. 

2d.  With  tin-  screw  sling  cart.  1  Men,  with  lashing  ropes.  The  sling  cart 
being  in  place,  sling  the  gun  with  a  rope  or  with  chains  passing  under  it  and 
fastened  to  the  hooks  of  the  screw  head,  or  with  chains  furnished  will)  rintrs  to 
embrace  the  trunnions.  Raise  the  piece  by  turning  the  handles  of  the  screw 
nut,  and  when  it  is  sufficiently  high,  lash  the  load  to  the  bolster  and  pole,  so  as 
to  relieve  the  pressure  on  the  screw.  The  manoeuvre  is  easy  but  slow,  and  the 
machinery  must  be  kept  in  good  order.  The  piece  may  be  slung  more  quickly 
by  blocking  it  up  as  high  as  the  axletree  will  permit. 
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To  Movi  a  Piece  by  Hand  in  the  Trenches. 

1  i  Men — s  handspikes — 1  double  prolonge — 2  half  prolonges,  or  men's  harness, 
The  piece  is  on  its  carriage,  without  the  limber,  and  may  be  moved  with  either 

the  breech  or  the  muzzle  foremost.  The  first  method  is  a  litt'.e  more  expeditious, 
but.  in  turning  sharp  angles,  it  is  attended  with  more  danger  to  the  men  who 
support  the  trail.  The  second  method  is  preferable.  Double  the  double  prolonge, 
or  attach  two  single  prolonges  to  the  axletree;  make  loops  in  each  part  lor  5 
handspikes,  the  tirst  under  the  chase,  the  others  at  3  feet  apart,  put  1  men  at 
each  handspike;  4  behind  the  trail  with  handspikes:  the  rest  on  the  sides,  to 
push  the  wheels,  and  if  necessary,  to  drag  on  them,  as  described  in  the  next 
manoeuvre;  some  of  the  men  at  the  prolonge  leave  it  to  drag  on  the  wheels  :  in 
•diort  turnings,  those  who  are  at  the  first  handspikes  tail  back  to  the  others. 

To  Extricate  a  Piece  that  is  mired. 

The  number  of  men  in  proportion  to  the  difficulty — 2  prolonges — handspikes. 

Attach  a  prolonge  by  one  end  to  one  of  the  lower  spokes  of  each  wheel,  and 
bring  the  other  end  round  to  the  front,  over  the  tire.  The  men  drag  on  the 
prolonges  directly,  or  on  the  handspikes  passed  through  loops  in  them. 
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To  lower,  from  it*   Chassis,  a   Barbette   Carriage  with   its  Piece 

m-ounted. 

This  carriage  can  transport  its  piece  with  the  assistance  of  the  limber  of  a  field 
piece,  from  which  the  ammunition  box  is  removed — lb  men  ate  required  to 
remove  a  24-pdr. —  4  handspikes — I  large  block — 2  skids — 2  short  pieces  of 
skidding. 

The  piece  being  in  battery,  lower  the  elevating  screw  a  little;  chock  the  rollers 
behind  ;  pass  a  handspike  through  the  ma  nun  \  ri  llg  loop  at  the  end  of  the  tongue  ; 
plaee  two  men  at  each  end  of  this  handspike,  and  two  at  each  end  of  another 
passed  under  the  tongue.  Raise  the  chassis,  take  out  the  forks  and  traverse 
wheels,  and  lay  them  on  the  ground  J  lower  the  rear  of  the  chassis  on  the  travers- 
ing platform.  Put  a  skid  or  plank  on  each  side  of  the  chassis,  raised  on  blocks 
at  one  end.  so  that  it  nearly  torn  lies  the  wheel.  Roll  the  carriage  back  till  the 
wheels  rest  upon  this  skid  and  the  muzzle  clears  the  parapet  about  three  or  four 
feet;  put  a  handspike  in  the  bore,  another  across  the  lop  of  the  chase,  a  third 
through  the  manoeuvring  staples,  ami  a  fourth  under  the  lunette  plate;  place 
two  men  at  the  lirst  handspike,  and  four  at  each  of  the  three  others;  raise  the 
trail  of  the  carriage,  and  place  a  block  under  the  rear  transom.  Back  up  the 
limber  and  insert  the  pintle  hook  into  the  lunette.     Lighten  up  the  trail,  to  re- 
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move  the  block;  key  the  pintle  hook,  and  lower  the  elevating  screw.  All  the 
men  working  at  the  wheels  of  the  carriage  and  limber,  and  at  the  pole,  lower 
the  piece  gently  from  the  platform.  Horses  may  then  be  attached  to  the  limber, 
if  necessary. 

To  raise  on  its  Chassis  a  Barbette  Carriage  with  its  Piece  mounted. 

The  same  number  of  men  and  the  same  implements  as  in  the  preceding  ma- 
iKEtivre.  The  chassis  having  been  lowered,  as  in  the  first  part  of  the  preceding 
manoeuvre]  bring  the  carriage  up  to  the  rear  of  the  platform  and  place  opposite 
to  each  wheel  a  plank  resting  on  two  blocks,  making  a  gentle  slope  to  roll  the 
carriage  up  on  the  traversing  platform — place  skids  as  before  on. each  side  of  the 
chassis — move  the  carriage  forward  until  the  rollers  nearly  rest  upon  the  rails — 
run  up  the  elevating  screw — lighten  up  the  trail,  to  disengage  the  pintle  hook — 
remove  the  limber,  and  lower  the  lunette  plate  on  a  block  placed  upon  the 
tongue — raise  the  trail  again,  to  remove  the  block — lower  the  trail  transom  upon 
the  tongue — run  the  carriage  up  to  battery — replace  the  traverse  wheels  in  the 
same  manner  as  directed  for  taking  them  out  in  the  preceding  manoeuvre. 

In  situations  where  it  may  be  required,  the  carriage  can  be  used  without  its 
chassis;  in  this  manner  it  may  be  applied  to  the  embrasures  of  lield  works,  by 
placing  it  in  battery  on  a  common  platform  for  a  siege  piece,  and  resting  the  trail 
on  a  skid  attached  to  the  front  hurter  by  a  pintle.  The  rear  of  this  skid  may 
rest  on  a  block  so  as  to  give  it  the  same  inclination  as  the  tongue  of  the  chassis. 

To  place  a  Casemate  Carriage  in  Battery  and  mount  its  Gun. 

14  to  1G  men  required.  The  gun  is  brought  to  the  casemate  with  the  sling 
cart,  and  carried  through  the  galleries  on  a  truck. 

The  carriage  for  the  embrasure  farthest  from  the  door  of  entrance  is  to  be 
placed  first,  ami  its  gun  mounted  before  the  next  carriage  is  placed.  The  tongue 
of  the  chassis  is  inserted  into  the  tongue  hole,  nnd  the  pintle  in  its  hole,  through 
the  end  of  the  tongue. 

The  top  carriage  is  lifted  by  hand  and  placed  on  the  chassis,  which  is  traversed 
on  one  side,  and  the  gun  is  laid  near  the  middle  of  the  casemate  on  blocks,  the 
muzzle  toward  the  embrasure.  The  casemate  gin  (legs  14  feet  long)  is  placed 
over  the  carriage  and  gun;  the  legs  and  the  roller  over  the  gun,  the  pry-pole 
over  the  chassis.  The  gin  is  equipped  and  the  gun  slung  in  the  usual  manner. 
When  the  gun  is  raised  sufficiently  high,  the  chassis  is  traversed  under  it,  and 
the  upper  carriage  so  placed  that  the  trunnion  holes  come  exactly  under  the 
trunnions  of  the  gun,  which  is  then  lowered  carefully  to  its  place.  Unsling  the 
gun  and  remove  the  gin. 

23 
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MANOEUVRES  OF  THE  FIELD  AND  SIEGE  GIN. 

10  men.  including  a  non-commissioned  officer  as  director — 5  handspikes—  I 
gin  lull— 2  lines — a  number  of  pulley  blocks,  single  or  double,  according  to  the 
manner  in  which  the  gin  is  to  be  equipped. 

The  gin  fall  is  4-in.  rope,  90  feet  long. 

To  put  the  Gin  together. 

Lay  the  legs  on  the  ground,  the  outer  sides  up,  the  bevels  toward  each  other  ; 
place  the  windlass;  connect  the  heads  of  the  cheeks  by  the  assembling  bolt; 
and  insert  successively  the  1st,  2d  and  third  cross  bars,  and  key  them. 

To  carry  the  Gin. 

Put  six  men  at  the  legs,  viz.:  2  abreast  of  the  windlass,  2  abreast  of  the  second 
cross  bar,  and  2  near  the  head  ;  2  men,  with  a  handspike,  carry  the  fall  coiled 
up,  with  the  blocks  hooked  to  it;  one  man  carries  the  prypole,  another  the 
remaining  handspikes  and  the  lines. 

To  set  up  t/u'  Gin. 

6  men,  placed  in  the  same  manner  as  for  carrying  the  gin.  set  it  up  ;  2  men 
place  their  feet  against  the  bottom  of  the  legs,  or  their  handspikes  against  the 
lower  cross  bar;  one  sets  up  the  prypole,  two  pacea  in  front  of  the  head  of  the 
gin,  facing  it.  The  director  assists  by  pulling  the  end  of  a  handspike  into  the 
slit  for  the  tongue  of  the  prypole.  When  the  prypole  is  in  place,  the  foot  of  it 
should  be  equally  distant  from  the  two  legs.  12  feet  from  the  lower  cross  l>ar ; 
the  pullies  should  be  over  the  middle  of  the  weight  to  be  raised. 

To  equip  the  din. 

The  gin  equipped  with  one  pulley,  can  raise  a  12-pounder  garrison  gun  ;  with 
'.'.  an  lS-pounder;  with  3,  a  21-pounder;  with  0  or  6,  a  32  or  42-pouuder.  It  is 
generally  proper  to  use  more  pulleys  than  are  absolutely  necessary,  in  order  to 
avoid  straining  the  fall. 

1st.  To  equip  the  gin  with  1  pulley.  Pass  one  end  of  the  fall  over  the  windlass, 
and  take  three  turns  from  left  to  right,  the  loose  end  being  outside.  Put  a  hand- 
spike in  one  of  the  mortises  of  the  windlass,  or  let  down  the  pall,  if  there  is 
one;  overhaul  the  fall,  letting  it  wrap  round  the  windlass;  pass  the  end  through 
the  right  hand  pulley  of  the  head,  and  secure  it  to  the  sling  round  the  gun  by  a 
capstan  knot. 

2d.  With  2  pulleys.  Hang  a  single  block  on  the  second  cross  bar,  the  point 
of  the  hook  outward:  proceed  as  in  the  first  case;  pass  the  end  of  the  fall 
through  the  block  on  the  cross  bar,  and  tie  it  around  the  head  of  the  gin,  the  loose 
end  of  the  rope  hanging  on  the  left  side  and  pinched  against  the  leg.     Hook  the 
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block  to  the  sling  round  the  gun,  the  point  of  the  hook  toward  the  left  Mile  ol' 
the  gin. 

3d.  With  3  pulleys.  Proceed  as  for  two:  pass  the  end  of  the  fall  through  the 
left  hand  pulley  at  the  head  of  the  gin.  from  the  outside;  lie  it  to  the  sling  on  the 
side  toward  the  prypole,  and  hook  the  block  to  it  on  the  other  side,  the  point 
inward. 

4th.  With  I  pulleys.  Hang  a  second  block  (or  a  double  block)  on  the  second 
cross  liar.  Froeeed  as  in  the  last  case;  pass  the  end  of  the  fall  into  the  second 
block,  and  fasten  it  to  the  head  of  the  gin  as  in  the  second  ease  ;  hook  both  blocks 
to  the  sling,  the  points  of  the  hooks  inward. 

1 1'  a  double  block  is  used,  place  the  pin  perpendicular  to  the  cross  bar.  the 
head  toward  the  prypole;  pass  the  fall  the  lirst  lime  through  the  sheave  next  the 
prypole,  the  second  time  through  that  next  the  legs;  hook  the  block  to  the  sling. 
the  point  toward  the  left  side  of  the  gin. 

5th.  With  5  pulleys.  Hang  two  single  blocks,  or  a  double  block,  on  the  second 
cross  bar;  fasten  a  third  block  to  the  head  of  the  gin,  on  the  left  side,  by  a  c  "liar 
or  coil  of  rope  ;  the  point  of  the  hook  being  outward,  and  the  head  of  the  pin 
toward  the  gin.  Proceed  as  in  the  last  case;  pass  the  end  of  the  fall  into  the 
third  block,  and  fasten  the  end  to  the  sling  round  the  piece,  to  which  the  blocks 
are  also  to  be  hooked. 

6th.  With  0  pulleys.  Fix  a  single  block  to  the  head  of  the  gin.  another  on  the 
second  cross  bar  near  the  right  leg.  and  a  double  block  on  the  same  cross  bar 
near  the  left  leg.  Proceed  as  in  the  last  case  ;  pass  the  fall  through  the  single 
block  on  the  cross  bar,  and  secure  it  to  the  head  of  the  gin,  the  loose  end  of  the 
rope  hanging  on  the  left  side,  and  the  third  block  hooked  into  the  knot.  Hook 
the  double  block  and  the  other  single  block  to  the  sling. 

The  man  who  directs  the  manoeuvres,  or  the  most  intelligent  man,  should  be 
charged  with  passing  the  fall  through  the  pulleys  at  the  head  of  the  gin,  and  with 
tying  the  knots,  rlxing  slings,  etc.  If  he  is  too  much  exposed  by  mounting  on 
the  third  cross  bar,  the  gin  must  be  laid  down  the  head  resting  on  the  gun,  and 
equipped  in  that  position. 

To  lay  the  gin  down,  the  men  are  placed  in  the  same  positions  as  for  setting  it 
up.  If  the  gin  has  a  clevis  at  the  top,  the  fall  may  be  reeved  in  the  blocl-s,  and 
the  upper  block  then  hooked  to  the  clevis. 

To  sling  a  Piece. 

A  piece  without  handles  may  be  slung  by  means  of  a  rope,  the  two  ends  of 
which  are  tied  together  and  which  is  passed  under  the  piece,  one-half  before  and 
the  other  behind  the  trunnions. 
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If  this  is  not  convenient,  as  when  the  gun  lies  on  the  ground,  or  is  to  be  placed 
on  its  carriage,  a  sling  may  be  made  by  splicing  together  the  ends  of  a  5-inch 
hawser  a  little  more  than  twice  the  length  of  the  piece  (about  26  feet)  or  by 
passing  B  strong  rope  several  times,  according  to  the  weight,  over  the  piece 
lengthwise,  under  the  cascable  and  under  the  handspike  or  a  block  of  wood 
inserted  in  the  muzzle.  The  two  sides  of  this  sling  may  be  brought  together  by 
another  just  behind  the  trunnions. 

To  work  the  Gin. 

1  men  put  their  handspikes  alternately,  2  by  2,  in  the  mortises  of  the  wind- 
lass ;  2  others  assist  in  heaving;  3  overhaul  the  slack  of  the  rope;  the  non-com- 
missioned officer  or  director  steadies  the  piece  or  the  load,  by  menus  of  a  gay  or 
hi"  a  handspike  in  the  bore. 

To  make  fast.  If  the  gin  has  no  ratchet  wheel  and  pall,  put  a  handspike  across 
the  legs,  and  let  the  heaving  handspikes  in  the  mortises  rest  against  it ;  cross 
the  slack  round  the  turns  on  the  windlass,  drawing  it  tight  round  the  last  turn, 
and  pass  it  under  the  lower  cross  bar  from  the  inside,  tying  it  in  a  loop  in  which 
the  point  of  a  handspike  is  inserted:  during  this  operation,  one  man  bears  with 
both  hands  on  the  turns  round  the  windlass,  to  prevent  the  rope  from  slipping. 
The  men  and  1  handspikes  are  then  no  longer  required. 

To  shift  the  rope  on  the  windlass.  When  the  turns  on  the  windlass,  commencing 
at  the  left,  reach  the  other  end,  make  fast  with  the  handspikes  resting  as  before. 
Tie  a  lashipg  line  to  the  fall  with  an  artificer's  knot,  1  foot  above  the  second 
cross  bar;  wrap  both  ends  of  the  line  several  limes  round  the  fall  and  pass  it 
round  the  leg,  under  the  cross  bar,  lashing  the  fall  and  the  cross  bar  together. 
Let  the  windlass  turn  so  as  to  bring  the  weight  to  bear  on  the  lashing  line  ;  then 
slip  the  rope  to  the  left  end  of  the  windlass. 

The  gin  may  be  worked,  if  necessary,  by  less  than  10  men.  The  men  at  the 
slack  may  be  saved  by  equipping  the  gin  without  taking  the  3  turns  on  the 
windlass;  pass  the  fall  over  the  windlass,  and  bring  it  round  underneath,  placing 
the  slack  across  the  windlass,  so  that  the  fall  may  coil  over  it.  By  steadying  the 
piece  with  a  rope  attached  to  the  prypole  and  to  one  leg.  and  by  equipping  the 
gin  with  a  greater  number  of  blocks,  3  men  may  work  it,  2  holding  the  hand- 
spikes, and  the  3d  assisting  them  alternately. 

To  use  the  Gin  as  a  Derrick. 

12  men,  2  being  for  the  guys.  Additional  implements:  1  double  prolonge,  or 
2  single  ones — 4  strong  pickets,  4  or  5  feet  long — 2  mauls— and  sometimes  a 
second  fall  and  a  drag  rope. 
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If  the  derrick  is  to  be  established  on  a  parapet,  or  on  earth  which  is  not  firm, 
lay  a  strong  plank  across  two  others,  with  holes  in  the  first  for  the  points  of  the 
feet  ;  ram  the  earth  about  them  and  secure  them  with  pickets. 

Lay  the  gin  down,  the  outer  side  underneath,  and  the  feet  of  the  legs  resting 
on  a  skid. 

The  director  steps  5  paces  from  the  head  of  the  gin,  in  a  direction  perpen" 
dicular  to  the  cross  bars,  and  then  4  paces  to  the  right  and  left,  where  he  marks 
the  places  for  the  two  first  pickets;  the  two  others  are  placed  30  feet  beyond  the 
first,  in  the  direction  which  the  guys  will  take. 

Drive  the  pickets  inclining  olf  from  the  gin  :  if  necessary,  strengthen  them  by 
putting  a  plank  or  a  fascine  behind  each,  and   ramming  the  earth  firmly  about  it. 

Equip  the  gin  as  it  lies;  fasten  the  guys  to  the  head  ol  it  with  an  artificer's 
knot,  if  they  are  formed  of  one  rope  ;  with  German  knots,  if  of  two.  The  gin 
being  raised  almost  vertically,  2  men  take  a  turn  of  the  guys  around  the  first 
pickets,  and  the  director  makes  them  fast  to  the  second  pickets  with  an  artificer's 
knot.  Let  down  the  fall  and  tackles,  and  prepare  to  work  the  windlass.  On 
a  parapet,  the  feet  of  the  derrick  should  be  2  feet  from  the  exterior  crest  ;  as  the 
guys,  by  stretching,  are  apt  to  give  the  derrick  too  great  an  inclination,  place  it 
at  first  4  feet  from  the  crest,  and  after  taking  a  few  turns,  let  the  load  down 
again,  and  move  the  derrick  to  its  proper  place. 

If  the  fall  should  not  be  long  enough,  join  another  to  it  by  a  flat  knot,  tied  at 
4  or  5  yards  from  the  end  of  the  second  rope,  passing  a  piece  of  round  wood,  of 
the  size  of  a  tool  handle,  through  the  knot,  to  prevent  its  tightening  too  much. 
The  first  fall  passes  only  through  the  right  hand  pulley  of  the  head  of  the  derrick 
and  over  the  windlass;  when  the  knot  comes  up  near  the  pulley,  cease  heaving 
and  make  fast;  coil  a  drag  rope  round  the  head  of  the  gin  and  tie  it  to  the 
second  fall  by  5  or  6  loops,  below  the  knot.  Let  go  the  windlass  and  bring  the 
weight  to  bear  on  the  drag  rope.  Undo  the  knot,  and  pass  the  end  of  the  second 
fall  through  the  pulley;  take  3  turns  with  it  round  the  windlass,  and  join  the 
first  fall  to  it,  to  lengthen  the  slack. 

GARRISON  AND  CASEMATE  GINS. 

The  fall  for  these  gins  is  5-inch  rope,  120  feet  long.  They  are  equipped  with 
a  pair  of  blocks  adapted  to  receive  such  a  number  of  ropes  as  may  be  necessary, 
according  to  the  weight  to  be  raised;  the  upper  block  being  hung  on  the  clevis 
at  the  head  of  the  gin.     They  are  worked  like  the  field  and  siege  gin. 


C  H  A  1'  T  K  It     T  II1RTEENTII. 


A  RTI LL  E R Y    PRACTICE  E. 

The  plan  of  this  work  does  not  include  the  details  relative  to  the  service  oi 
artillery,  cither  in  the  field  or  in  garrison;  hut  in  the  absence  of  more  full  and 
accurate  tables  of  firing,  it  is  thought  useful  to  -rive  here  the  mean  results  of 
such  trials  of  the  ranges  of  our  ordnance  as  have  been  made,  from  time  to  time, 
by  the  Ordnance  Department,  together  with  some  other  "practical  information 
derived  from  authentic  sources. 

Ranges  of  Field  Guns  and  Howitzers. 

The  range  of  a  shot  or  shell  in  this  table  is  the  first  graze  of  the  ball  on  hori- 
zontal ground,  the  piece  being  mounted  on  its  appropriate  field  carriage. 

The  range  of  a  spherical  case  shot  is  the  distance  at  which  the  shot  bursts 
near  the  ground,  in  the  time  given  ;  thus  showing  the  elevation  and  the  length 
of  fuze  required  for  certain  distances. 

For  the  ranare  of  the  Mountain  Howitzer — see  Chapter  VI. 


KIND  OF  ORDNANCE. 


Powder.         Ball.       Elevation.    Range.  remarks 


O-PDR.   FIELD  Gi;iM. 


Lbs. 

o  t 

Yards. 

1.25 

Shot 

0 

318 

" 

1 

674 

" 

2 

807 

" 

3 

1138 

" 

4 

1256 

5 

1523 

1. 

Sp.  case 

2 

650 

shot 

2  30 

S40 

" 

3 

1050 

Time  of  flight  2  sec. 
3      ' 
"  4     '■ 
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Ranges  of  Field  Guns  and  Howitzers — Continued. 


kind  OP  ordnance.  i'owder.  Ball.        Elevation.    I!:mg.- 


Lbs. 

o       > 

Yards. 

12-FDB.  FIELD  GUN. 

2.5 

Shot 

0 
1 

1   30 
o 

3 
4 
5 

1 

347 

662  . 

785 

909 
1269 
1  155 
1663 

1.5 

Sp.  case 

670 

Time  2  seconds. 

" 

1    45 

950 

ii     3       u 

" 

2  30 

i-j.-.o 

u     4        i: 

12-PDR.  FIELD  HOWITZER. 

1. 

Shell 
u 

(1 

0 
1 
2 
3 
4 

195 
539 
610 
647 
975 

0.75 

" 

5 

1072 

Sp,  case 

2  15 

485 

Time  2  seconds. 

u 

3  15 

715 

"     3       " 

" 

3   15 

1050 

tl      4         :< 

24-PDB.  FIELD    HOWITZER. 

2. 

Shell 
ii 

0 
1 
2 
3 
4 
5 

2 

295 
516 
793 
976 
1272 
1322 

1.75 

Sp.  case 

600 

Time  2  seconds. 

" 

3 

800 

u     3       ii 

'• 

5  30 

1050 

i<     4       i< 

2. 

<f 

:;  mo 

SSI) 

ii    3      i< 

32-PDR.  FIELD    HOWITZER. 

2.5 

Shell 

0 

] 

0 

3 
4 
5 

3 

290 

531 

779 

1029 

1203 

1504 

2.5 

Sp.  case 

800 

Time  2.75  seconds. 

m\ 


Ranges  of  Heavy  Ordnance. 

The  range  of  a  gun  or  howitzer  in  this  table  is  the  fir.st  graze  of  the  ball  on 
the  horizontal  plane  on  which  the  carriage  stands. 


KIND  OF  ORDNANCE.  Powder 


Ball. 


Elevation.    Range. 


1^-PDR.  SIEGE  AND  GARRI- 
SON GUN. 

On  barbette  carriage. 


Lbs. 
4.5 


Shot 


Yards 

641 

950 
L256 
1  150 
1598 


24-1'DR.  SIEGE  AND  GARRI- 

6. 

Shot 

0 

412 

SON  gi;n. 

li 

1 

812 

On  siege  carriage. 

" 

1  30 

953 

« 

a 

2 
3 

4 

1147 
1417 
L6*>6 

a 

5 

1901 

S. 

u 

1 
2 
3 
4 
5 

883 
1170 
1454 
1039 
1834 

32-PDR.  SEA-COAST  GUN. 

6. 

Shot 

1  45 

900 

On  barbette  carriage. 

8. 

it 

1 

713 

CI 

11 

1  30 
1  35 

800 

900 

l< 

2 
3 
4 
5 

1100 

I  1433 

1684 

1922 

10.67 

it 
it 

1 
2 
3 

780 

1155 
!  1517 

42-PDR.  SEA-COAST  GUN. 

10.5 

Shot 

1 

775 

On  barbette  carriage. 

it 

o 

3 
4 
5 

1010 

1300 

1600 

i  1955 

14. 

cc 

1 
2 
3 
4 
5 

770 
1128 
13&0 
16S7 
1915 

862 
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Ranges  of  Heavy  Ordnance — Continued. 


KINK  OK   ORDNANCE. 

Powder. 

Ball. 

Elevation. 

Range. 

REMARKS. 

Lbs. 

Shell 

O         1 

yards. 

S-INCH  BIEOB  HOWITZER. 

4. 

45  lbs. 

0 

251 

On  siege  carriage. 

u 

1 
2 

435 
618 

ii 

3 
4 
5 
12  30 

720 
992 
1 241 

2280 

Shell 

8-1 NCH  SEA-COAST    HOWIT- 

4. 

45  lbs. 

1 

405 

ZER. 

" 

o 

652 

On  barbette  carriage. 

\, 

3 
4 

875 
1110 

(( 

5 

1300 

G. 

ll 

ft 

II 

1 
2 
3 
4 
5 

572 

828 

947 

110S 

1463 

S. 

If 

1 
2 
3 

646 

909 
1190 

u 

4 

1532 

II 

5 

1MI0 

Shell 

10-INCH    SEA-COAST     HOW- 

12. 

90  lbs. 

1 

580 

ITZER. 

'• 

o 

891 

Time,  flight  3.      see. 

On  barbette  carriage. 

ii 

3 

3  30 
4 

1185 
1300 
L426 

"           "     4.       li 
■i     5i25  « 

i. 

5 

I.S50 

ii           i«     6.       a 

Shot 

8-INCH  OOLUMBIAD. 

to. 

<;.r>  lbs. 

1 

932 

Axis  of  gun  16  feet 

On  barbette  carriage. 

a 

2 
3 
1 
5 

1116 
1402 
1608 
L847 

above  the  water. 

a 

6 

2010 

" 

8 

2397 

Shot  ceased  to  rico- 

ll 

10 
15 
20 
25 

27 

2834 
3583 
1322 
1875 
4481 

chet  on  the  water. 

15. 

" 

27  30 

4812 
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Ranges  of  Heavy  Ordnance — Continued. 

KIND  OF  ORDNANCE. 

Powder. 

Ball. 

Elevation. 

I  Kango. 

REMARKS. 

Lbs. 

Shell 

o          ■ 

Yards. 

S-INCH    C0LUMBIAD — 

10. 

50  lbs. 

1 

919 

Continued. 

2 

3 
4 
5 

6 
8 
10 
15 
20 
25 
•J  7 

1209 
1 109 

1KI7 
1813 
1985 
2203 
2657 
3556 
3716 
4387 
4171 

15. 

si 

27  30 

1 168 

18. 

Shot 

0 

394 

Axis  of  gun  16  feet 

10-INCH  COLUMBIAN. 

128  lbs. 

1 

752 

above  the  water. 

On  barbette  carriage. 

ii 

2 

3 
4 
5 

1002 
1230 
1570 
1814 

" 

6 

2037 

Shot  ceased  to  rico- 

" 

8 

2510 

chet  on  water. 

" 

10 

2777 

" 

15 

3525 

it 

20 

1020 

" 

25 

1304 

« 

30 

1761 

(i 

35 

5133 

20. 
"l27" 

"sh.-il 

39  15 

5654 

Mil) 

1 

100  lbs. 

2 
3 
4 
5 

1012 
1184 
1443 
1G04 

IS. 

U 

ii 

it 

0 

1 

2 

3 

4 

5 

6 

8 

10 

15 

20 

25 

30 

448 

717 
1100 
1239 
1611 
18(35 
2209 
2189 
284S 
3200 
3885 
4150 
4651 

11 

35 

4S2S 

Time  of  flight  35  sec. 

:{fil 
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Ranges  of  Heavy  Ordnana — Continued. 


KIXD  OP  ORDNANCE. 

Powder. 

Ball. 

Kll'Y.lti.itl. 

Range. 

REMARKS. 

Lbs. 

Shell 

o      ,     [ 

Yards. 

20. 

17-.'  lbs. 

10 

•J770 

Timeofflighl  l  I  sec. 

" 

ir> 

3731 

Hi     •• 

" 

22 

4280 

20    - 

» 

25 

1718 

26    " 

"' 

30 

.-..nil 

a 

3.r) 

:  5339 

32    " 

u 

37 

frit,.; 

»         ::i     •• 

" 

39 

5064 

25. 

'< 

10 

2S8 1 

"         11.5" 

" 

15 

3542 

15    " 

u 

30 

5102 

" 

35 

5409 

32    '• 

" 

37 

5373 

32    •• 

" 

39 

5501) 

36    " 

Shell 

35 

5644 

ISO  lbs. 

39 

5615 

28. 

•■ 

35 

5(171 

a 

39 

5761 

3j  inil.'s.  Time  36  s. 

Shell 

13-IN.  SEA-COAST  MORTAR. 

20. 

2()(t  Mis. 

45 

4325 

Shell 

12-tN.  SEA-COAST  MORTAR. 

20. 

200  lbs. 

45 

1625 

Experimental. 

Shell 

10-IN.  SEA-COAST  MORTAR. 

10. 

'.IS    II, S. 

45 

4250 

Time  of  flight  36  see. 

L0-INCH  SIEUE  MORTAR..  . 

1. 

Shell 

45 

300 

Time  offlight  6.5  sec 

1.5 

90  lbs. 

45 

700 

u         l8    .. 

2. 

a 

45 

1000 

1  1     •■ 

2.5 

a 

45 

1300 

id    ■■ 

3. 

tt 

45 

1600 

is      » 

3.5 

it 

45 

1900 

19     " 

1. 

U 

45 

2100 

21     •• 

Lbs.  oz. 

Shell 

S-INCB   SIEOE   MORTAR. 

0  10J 

46  lbs. 

45 

500 

Time  offlight  lOsee. 

(From  Griffith's  Artiller- 

13$ 

45 

600 

11     '• 

ist's  Manual.) 

1 

" 

45 

750 

12*  « 

1  2 

'• 

15 

900 

"          13    " 

1  3* 

45 

1000 

13J  " 

1  43 

" 

45 

1100 

11     '• 

1  6 

" 

45 

1200 

Hi  " 

RANGES. 
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Ranges  of  Heavy  Ordnance — Continued. 


KIND    OF    OKPSANTE. 

Powder. 

Ball. 

Elevetion. 

Range. 

REMARKS. 

Oz. 

Shell. 

o 

yards. 

24-POUNDKR    COEIIORN 

0.5 

17  lbs. 

1.". 

25 

MORTAR. 

1. 

" 

45 

6S 

1.5 

■• 

45 

1(11 

1 .  75 

■' 

I.'. 

143 

2. 

" 

15 

165 

2.75 

■• 

45 

260 

4. 

<l 

45 

122 

6. 

it 

45 

900 

8. 

<< 

45 

12(111 

Range*  of  Hales  War  Rackets. 


RANGE    (FIRST   GRAZE). 

REMARKS. 

ELEVATION. 

2}-ineh. 

31-inch. 

4°  to  5° 

8° 

10° 
15° 
47° 

Yards. 

500  to  600 

7. ill 
800  to  900 

1200 

1760 

Yards. 

500  to    600 

B00  in  1000 

1000  lo  1200 

1200  to  1400 

2200 

The  rockets  were  lired    from  a 
10  feet  loner. 

Weight  of  2l-inch  rocket,  6  lbs. 
"      3i-inch       "      16  lbs. 

irouuh 

INITIAL  VELOCITIES  OF  CANNON  BALLS. 
From  experiments  made  with  the  ballistic  pendulum,  at  Washington 


Arsenal. 


PROJECTILE. 

Charge  of 
Powder. 

Initial 

KIXP     OF    ORDXAM    1   . 

Kind. 

Weight. 

velocity. 

f 

Shot 

Lbs. 

0.15  i 

Lbs. 

1.25 

1.5 

o. 

Feet. 

1439 
1563 

, 

1741 

l 

Sph. case  .... 
Shot 

5.5 

6.8 

1. 
1. 

1357 
1230 

f 

15.3    J 

2.5 

3. 

4. 

14S6 
1591 

1S2C 

Sph.  case  .... 

11. 

13.5 

2. 
2. 

1392 
1262 
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In  Hi  ill  Velocities — Continui-il. 


PROJECTILE. 

Charge  of 
powder. 

Initial 

KIND    OF    ORDNANCE. 

Kind. 

Weight. 

velocity. 

Shell 

Lbs. 
8.9 

Lbs. 

1. 

1.25 

Feet. 

1054 

1178 

1 

Sph.  case  .... 

11. 

9.04 

1. 

1. 

953 

1015 

l'.'-p<Jr.  siege  and  garrison  gun.  -J 

Shot 

12.3    | 

2. 

3. 

4. 

1378 
1 6 14 

1906 

[ 

Shell 

S.9    | 

2. 
3. 

1611 
1929 

Impounder  gun,  25  cal.  long  . . . 

Shot 

12.3    | 

2. 
3. 
4. 
5. 

6. 
7. 
8. 

Mil 
1731 
1 933 
2098 

2300 

2324 

1 

Shot 

f 
24.25  \ 

3. 
4. 
6. 

8. 

1240 

I4ID 

lf.sil 

l-OI 

24-pdr. siege  and  garrison  gun.  \ 

Shell 

"•   1 

3. 

l. 

1470 
1670 

Canister 

29. 

3. 

1. 

I  L35 
1303 

30.6    | 

4. 

1108 
1272 

{ 

Shot 

f 
32.3    -j 

4. 

5.33 
8. 
Kl.Cw 

1250 
1  1 30 

Kill) 
17S0 

Shell 

23.4    | 

4. 
5.33 

1450 
1057 

Canister 

.3,      { 

4. 
5.33 

1172 

1342 

39.7f)  j 

4. 
5  33 

1  133 
1297 

INITIAL    VELOCITIES. 
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Initial  velocities  of  Balls  fired  from  Small  Arms. 


KIND  OK  ARM. 


Charge. 


No.  of  balls   to 
the  lb. 


Initial  velocity. 


Musket 

Rille 

Hall's  Carbine 
Pistol 


Grains. 

110 
70 
70 
35 


17 
32 
32 

32 


Feet. 

i  r>oo 

1 750 
1240 
947 


Loss  of  velocity  by  the  Windage  of  the  Ball. 


Charge 

of 
powder. 

Initial  velocity  of  ball. 

o  - 

S 

-T 

KIND  OF  GUN. 

Without 
windage. 

With    wind- 
age of  1-lOth 
diameter. 

O          =    i, 

S    P  s 

Lbs. 
4. 

Feet. 
1444 

Feet. 

1271 

Feet. 
1 73 

Pent. 
12 

4. 
6. 

1600 
1S90 

1433 
1723 

167 
L67 

10 

9 

2. 
3. 
4. 

1617 
1915 

2124 

1444 

1742 
1951 

173 
173 

173 

11 

y 
s 

12-PDR.  field,  1C  calibres. 


152S 
1793 
1992 


1370 
1635 
L834 


158        in 
158         9 

158  I       8 


6-l'DR.  FIELD. 


1.5 


1734 


1560 


174 


in 


The  loss  of  velocity  by  a  given  windage  is  directly  as  the  windage  and  in- 
versely as  the  diameter  of  the  bore,  very  nearly. 

For  a  formula  for  computing  the  initial  velocity  of  a  ball,  see  Chapter  XV: 
Article  Ballistics 
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PENETRATION  OF  SHOT  AND  SHELLS. 

The  following  tallies  and  notes  (when  not  otherwise  specified),  are  extracted 
from  a  report  of  experiments  made  at  Metz  in  1834. 

The  charges,  when  expressed  in  fractions,  denote  the  proportion  of  powder  to 
the  nominal  weight  of  the  shot;  the  calibres  arc  those  of  the  French  guns,  the 
exact  relation  of  which  to  those  of  the  United  States  ordnance  will  be  found  by 
reference  to  the  table  of  foreign  ordnance  in  Chapter  I. 

The  French  36-pdr.  corresponds  nearly  with  our  4'2-pdr. ;  the  16-pdr.  with  our 
18-pdr.  j  the  S-pdr.  with  our  9-pdr. ;  and  the  6-inch  with  our  32-pdr.  The  diame- 
ter of  the  French  8-inch  howitzer  is  S.7b'2  inches  in  our  measure.  The  musket 
is  of  the  same  calibre  as  ours. 

Penetration  of  Shot  in  Masonry. 

Rubble  work  of  good  quality;  scarp  wall  built  by  Vauban. 


s 

u 

DISTANCE  IN"  YARDS. 

•_' 

27 

55 

109 

2111 

328 

438 

656 

876 

1094 

In. 

In. 

In. 

In. 

In. 

In. 

In. 

In. 

In. 

36 

l-Sd 

20..78 

26.39 

25.  .60 

23.  .S3 

22.-25 

20..87 

17..92 

14.96 

12.21 

I  l-2d 
I  l-Sd 

■|  l-4th 
I  1  -* . t I i 

1  l-Stl. 
1  l-2d 

25..60 

25.  .20 

24.  .22 

22.  .45 

20   ^ 

19.30 

16..26 

18.39 

10.38 

24.-22 

2S..83 

22.34 

21. .07 

19.  .60 

IS.. 12 

16.16 

12  -i 

9.35 

24 

22.35 

22..2B 

2L46 

L9..89 

18..22 

L6..74 

13..78 

11..  2:". 

9..06 

20..08 

19.  69 

is.. mi 

17..:;:: 

15..75 

14.38 

11.  .81 

9..66 

7.38 

it..:;;; 

16.  93 

16..16 

11  .67 

i:;..2o 

11.31 

8  ,6  i 

7.  .88 

6.. 50 

22.  .45 

21.  .86 

20..87 

19..10 

17..58 

L6  ,96 

12.. so 

to.  .05 

7. .lis 

|  l-3d 

21..  07 

20..68 

19..69 

17. .02 

it;..:;:. 

14. .77 

11.  SI 

9.. 26 

7.-29 

16 

J  l-4tli 

18.150 

L9..10 

is..  22 

16..74 

15..10 

I3..78 

111  .Ml 

S..47 

6.39 

l-6th 

17..13 

10..74 

16..16 

14.37 

13..00 

11.  .02 

9..06 

7.. 20 

-■I 

1-Stll 

I  t-3d 

L4..96 

14... ',7 

13..78 

12  21 

L0..83 

0..45 

7.48 

0..11 

."...12 

18..90 

IS.  .51 

I,   68 

L5..96 

14.67 

13..00 

10.  .05 

7.-68 

• ...  1 1 

I  l-4tli 

17..72 

17..:;:; 

Hi.  .54 

14..96 

18  39 

11.31 

S...S0 

6.39 

5..61 

12 

1  l-6th 

15..66 

IS..16 

14.38 

i;;..oo 

11.42 

in  06 

7..4S 

0..11 

4..'.  >:i 

(  l-8th 

18..78 

1  :;..:;•.• 

12.30 

11.  .03 

9..65 

8.  .27 

ft  60 

7-68 

4.  .33 

s 

l-3d 

I5..05 

15.  .51! 

11. .77 

13..19 

11..62 

in.  -J| 

7.  is 

5.51 

4..14 

By  multiplying  the  numbers  expressing  the  penetrations  in  this  table  by  1.25, 
we  have  the  penetration  in  masonry  of  medium  quality;  by  J.7.r>,  in  brick  ma- 
sonry; by  0.46,  in  hard  calcareous  stone  (solid). 

According  to  the  experiments,  the  holes  made  in  masonry  such  as  that  re- 
ferred to  in  the  table,  by  shot  striking  it  perpendicularly  at  a  short  distance,  are 
formed  of  an  exterior,  funnel-shaped  opening,  the  mean  diameter  of  which  is 
about  5  times  that  of  the  shot,  and  of  an  interior  part  nearly  cylindrical.  The 
exterior  cone  appears  to  be  produced  by  the  reaction  of  the  masonry,  some  frag- 
ments of  which  are  projected  backward,  to  the  distance  of  45  or  50  yards.     The 
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train  of  fragments  in  front  of  the  hole  extends  about  20  feet.  Around  the  exte- 
rior opening-,  the  masonry  is  loosened  to  a  distance  about  one-half  greater  than 
the  diameter  of  the  opening;  say  45  in.  by  the  24-pounder  shot ;  35.5  inches  by 
thu  16-pdr.;  81.G  in.  by  the  12-pounder.  This  loosening  indicates  the  proper 
distance  between  the  first  shots  from  a  breaching  battery.  Nearly  all  the  shot 
are  broken,  even  at  the  charge  of  one-fourth,  and  the  fracture  is  generally  in 
meridional  planes,  the  pole  of  which  is  the  point  which  strikes  first.  On  the 
shot  which  are  not  broken,  and  on  the  fragments  of  those  which  are  broken. 
small  cracks  or  furrows,  sometimes  0.02  in.  deep,  are  observed,  radiating  from 
the  same  point. 

The  effect  of  shells  fired  horizontally  against  masonry  is  very  small;  they  are 
broken  at  the  moment  of  striking,  or  if  fired  with  very  low  charges,  so  as  not  to 
break,  they  produce  a  very  slight  impression. 

Penetration  in  Oak  Wood. 


DISTANCE  I.N    TAFDS. 


438        656        875       1094 


Guns. 


8-in.  Siege. 


24-pilr. 
Mountain  12-pdr. 

Musket  Balls 

24 


In. 

In. 

In. 

In. 

In. 

In. 

In. 

In. 

l-3d 

65.  .4 

64.  .2 

62.  .2 

58.  .3 

54.  .3 

50..8 

44.1 

37-4 

I  1-2,1 

68..0 

61. 4 

59.  .1 

54.. 7 

50.  .8 

47.3 

40.  .2 

S3.. 5 

1-.".,1 

59.  .1 

57..9 

55..9 

51.. 6 

47..  6 

44.1 

S7..4 

30.. 7 

i  l-4th 

55.  .5 

54.. 3 

52.  .3 

4S..4 

44.. 9 

41.3 

35..0 

28-4 

l-<ith 

49..  2 

4S..4 

46.  .5 

42-9 

39.. 4 

36.-2 

29-5 

24..0 

1  1-Sth 

42.  .5 

4L.6 

40.  .2 

3S..6 

32.  .7 

30..3 

24-4 

19..7 

|  1-2,1 

54.7 

53.  .2 

50.. 8 

46.  .5 

42.  .5 

39..0 

31..9 

25..6 

|  l-3d 

51.. 2 

50..  0 

4S..0 

43.  .7 

40.  .2 

36..6 

29.  .9 

23..6 

i  !-4th 

47.. 7 

4,;..  5 

44.  .5 

40..9 

37.. 4 

33-9 

27-6 

21.7 

l-6th 

42.. 1 

41.4 

39.  .8 

36.  .2 

32.  .7 

29.  .5 

2.3-2 

17. .7 

\  1-Sth 

37.. 0 

S6..2 

34..;; 

30.  .7 

27.. 6 

24..4 

19..3 

15..0 

fl-3d 

46.. 1 

44.  .9 

42..9 

38.  .6 

35.  .0 

31..9 

25-6 

19..7 

|  l-4th 

43.  .3 

42..  1 

40..  2 

36.. 6 

33.. 1 

29-  9 

23-6 

18..1 

"1  l-6th 

37..  S 

37.. 0 

35.. 4 

SI.  .9 

2S..4 

25-2 

19.3 

15..0 

ll-sth 

33.  .9 

33.. 1 

31. .1 

27.. 6 

24.  .4 

21.. 7 

16..5 

13..0 

l-3d 

39.  .4 

B8..2 

36..2 

32.  .3 

2S..7 

25-6 

19..3 

13..S 

Lbs. 

|    4.  .4 

28.  .4 

27.. 6 

26.  .0 

22.  .4 

19.  .3 

16.  .5 

13..0 

10-6 

J    3.  .3 

23..  2 

22..  4 

20..9 

18..1 

15..8 

13-8 

11..0 

9-5 

1    2.  .2 

16..1 

15..  4 

14.. 2 

12.  .6 

11. .4 

10-2 

8-7 

7-9 

I    1..1 

39.. 1 

8.. 7 

8.  .3 

8.  .3 

7..5 

7-1 

6-7 

6.  .3 

(  3.  .3 

33.  .1 

31..9 

30.  .3 

26..S 

23-6 

20..5 

15..0 

11..8 

i    2..  2 

27..6 

26.  .8 

25.  .2 

21.. 7 

18.  .5 

15..8 

11..4 

9..1 

(    1..G5 

22.  .S 

22..  1 

2(1.  .5 

17..3 

14..6 

12..6 

9..8 

8..3 

>    2  2 
}    1.J 

27..6 

26.  .8 

25..2 

21.. 7 

18..1 

15..0 

10..2 

7..9 

18.  .9 

18..1 

16..5 

13.  .4 

11..0 

9-5 

7-5 

6..3 

0..6 

15..0 

14.  .2 

12..6 

10.. 2 

8.  .3 

7-1 

5-9 

4-7 

Grains. 

154 

3.  .35 

3..15 

2.50 

1..06 

0..71 

0-32 

In. 

31..5 

27-6 
24-8 
22.  .S 
19..3 
15..S 
19..7 
18..5 
16..9. 
14.2 
11..8 
14..6 
13.4 
11..4 
9-8 
10..6 


9..1 
8„3 
7-5 
5-9 
9.-8 
7-9 
7..1 
6-3 
5-1 
3-9 


370 


(MAP.    XIII. 


ARTILLERY    PRACTICE. 


The  penetrations  in  other  kinds  of  wood  are  deduced  from  those  in  the  pre- 
ceding table  by  multiplying  by  1,  for  beech  and  ash:  by  1.3,  for  elm  ;  by  IS,  f'>r 
white  pine  and  birch;  by  2,  for  poplar. 

In  oak.  the  fibres  are  displaced  laterally  by  the  passage  of  the  shot  and  after- 
ward close  up  again,  so  as  to  leave  an  opening  scarcely  sufficient  for  measuring 
the  depth  of  penetration.  This  effect  explains  the  cause  of  vessels  not  being 
always  sunk  by  shot  striking  below  the  water  line  ;  but  the  timber  is  split  lon- 
gitudinally even  by  the  smallest  shot,  in  a  length  of  (',.0  feet;  the  splinters  arc 
driven  to  the  distance  of  4'J  to  00  feet,  and  the  largest  timbers  are  soon  destroyed. 

In  white  pine  nearly  all  the  fibres  struck  by  the  shot  are  broken,  but  the  effect 
does  not  extend  much  beyond  the  opening  made  ;  this  material  is  therefore  prefer- 
able to  oak  for  structures  which  are  not  intended  to  be  proof  against  cannon  shot. 

Penetration  in  Compact  Earth  (half  sand,  half  clay). 


CHARGE. 

DISTANOE  IN  YARDS. 

CALIBRE. 

27 

■    55 

10<J 

219 

328 

438 

656 

ST.". 

1094 

Guns. 

lD-. 

In. 

In. 

In. 

In. 

In. 

In. 

In. 

In. 

30 

l-3d 

109..1* 

106.5 

102.4 

97. .3 

93.4 

B9.4 

82.  .3 

75..6 

09.. 7 

f  l-2d 

108..2 

107..2 

09..3 

91.  .0 

84.  .3 

79..0 

72..:, 

66.  .2 

60  6 

l-3d 

100  ..4 

97.. 7 

B2..6 

B6..9 

B1.J 

77. .2 

70.J 

63.J 

58.  .a 

24 

■  l-4th 

92.  .6 

'JO.. 2 

86.  .6 

81..5 

77.  .6 

74. .11 

1.7. .3 

61.  B 

57..1 

l-6th 

83.. 5 

82.  .3 

79..'. • 

75..6 

72.  .2 

68.  .9 

62..6 

57.. 1 

52.  .4 

1  1-stli 

76.  .4 

74..S 

72..4 

r,s  y 

B6..8 

63.  .0 

57.  .6 

52.  .o 

47. .3 

('  l-2d 

94.. 5 

91. .0 

B5..9 

77..0 

7  2.  .2 

B7..7 

61.4 

65..0 

50.  .4 

l-8d 

B6..6 

B8..5 

79.  .11 

7S..6 

on..:; 

65.  .8 

f>9..9 

54.. 4 

49.  .2 

16 

-   l-4th 

80.  .7 

78.-8 

75..2 

69  7 

00.  .5 

68.4 

.-,7.. 9 

52.  .4 

47..3 

l-0th 

72..9 

70..9 

68.  .1 

65.  .0 

61..8 

69.  J 

53.  .0 

48..8 

44.. 5 

1  1-Mh 

68..0 

65.4 

63.  .8 

B0..6 

57..0 

55.  .1 

50.4 

47,.. 7 

41..3 

fl-3d 

05.  .11 

68.4 

59..0 

;.  4.  .7 

50.  .8 

4S..2 

42.  .9 

8B..6 

35.  .0 

12 

I  1-4th 

60..6 

59  1 

55.  .9 

52..0 

4s..s 

40..1 

41. .3 

87.4 

33.  .9 

1  l-r.th 

64.7 

B8..6 

50.  .8 

48.22 

45.  .3 

42.  .9 

88  6 

35.  .0 

.'.2.3 

I  l-8th 

r>i  >.  .i  i 

4S..S 

47.  .3 

44.5 

41. .7 

80..8 

86.23 

83.J 

30.  .7 

8 

l-3d 

SO.  .3 

64.7 

52.  .0 

40.  .9 

4:;..:: 

40..  2 

85.4 

31. .9 

28.  .7 

llmi-ilzcrs. 

Lbs. 

f    4.4 

48.4* 

47..:;* 

45.  .3* 

41.. 7 

38..6 

35.4 

30.  .3 

26.  .o 

23.  .2 

1    8.-8 

42.  .9* 

41. .7 

40..  2 

37..0 

:;:;.. 9 

81.J 

27.. 2 

24.0 

21. .7 

8-in.  Siege. 

1    2.  .2 

84.7 

33.  .9 

82..S 

29..C 

27.  .6 

25.  .0 

22.  .8 

20..9 

19.  .3 

1    1..1 

22.. 8 

22.. 4 

21.. 7 

20.  .9 

20.. 1 

in..:; 

17. .7 

10.. 5 

15..8 

(  3.  .3 

52.. 8* 

51..2* 

48.  .8 

45.  .0 

41..0 

37.4 

30. .7 

25.. 2 

22.  .1 

6-in. 

■i    2.2 

45..;: 

44.. 1 

42..r, 

38.  .6 

35.  .0 

31.. 9 

26.4 

22.  .4 

19..7 

[  1..66 

39..8 

38.. 6 

37..0 

33.. 5 

80..7 

28..0 

23.. 0 

20.  .'■ 

18.. 1 

J    2.  .2 
1    1..1 

44..;,* 

42.  ,9* 

41.  .0* 

36.  .6 

32..  7 

29.  .1 

23.2 

18..9 

16..1 

24-pdr. 

33.  .5 

32.  .3 

30..7 

27..0 

24..  8 

22.  .4 

18..1 

15.  .4 

13.4 

Mountain  12-pdr. 

0..G 
Grains. 

27.. 2 

26..4 

24.  .8 

21..7 

19.  .3 

17.. 3 

14.  .6 

12.  .2 

10.  .2 

154 

9.  .85 

9..45 

8.. 66 

5.  .91 

4..33 

3..15 

I..5S 

•  With  these  charges,  and  at  these  distances,  the  shells  were  often  broken. 
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The  penetrations   in  other  kinds  of  earth  are  found  by  multiplying  the  above 
by  0.03.  for  sand  mixed  with  gravel. 
"0.87,  for  earth  mixed  with  sand  and  gravel,  and  weighing  twice  as   much   as 

water. 
"  1.09,  for  compact  mould  and  fresh  earth  mixed  with  sand,  or  half  clay. 
"  1.44,  for  wet  pollers'  clay. 
"  1.50.  for  light  earth,  settled. 
"1.90,  for  do.  fresh. 

In  general,  snnd.  sandy  earth  mixed  with  gravel  or  small  stones,  chalk  and 
tufa,  resist  shot  better  than  the  productive  earth  or  clay,  or  earth  that  retains 
water. 

Penetration  of  Shells. 


B 
_C 

u 

IN  COMPACT    EARTH.                  t.N  OAK   WOOD. 

IN   MASONRY. 

Distai 

8-in. 

10-in. 

12-in.      8-in. 

10-in. 

12-in. 

S-in. 

10-in.  '  12-in. 

Yards. 

In. 

In. 

In. 

In. 

In. 

In. 

In. 

In. 

In. 

30° 

f    Gf)G 
X  1312 

7.88 

17.72 

19.69 

3.94 

7.88 

S.6* 

1.07 

3.54 

3.94 

9.S5 

2').  60 

27.57 

4.73 

11.81 

13. 7S 

2. 30 

4.73 

5.12 

I    6f)6 

11.8] 

19.69 

21.66 

5.91 

9.85 

10.03 

3.15 

3.94 

1.33 

4o°  ;  1  1312 

15/75 

27.57 

■-.".♦ .  -~  1 

7.88 

13.78 

15.75 

3.94 

5.51 

5.91 

(50°   i  <    656 
JU     |  \  1312 

19.69 

2«J.54 

31.50 

8.66 

13.00 

14.57 

4.33 

5.91 

6.30 

21.66 

31.00 

33.47 

9.85 

13.7b 

15.75 

4.73 

6.30 

6.G9 

Falling  with ') 

maximum  - 

23.63 

33.47 

35.44 

9. 85 

13.78 

15.75 

4.73 

6.(59 

7.09 

velocity-      J 

The  penetrations  in  other  kinds  of  earth,  wood  and  stone,  may  be  obtained  by 
using  the  co-efficients  given  for  the  other  tables. 

Penetration  in  Fascines,  Wool,  etc. 

At  the  distance  of  24  yards,  a  musket  ball  penetrates  20  in.  into  a  gabion 
st u fled  with  sap  fagots;  the  ball  from  a  wall  piece,  23.03  in.  The  resistance  of 
fascines  decreases  very  rapidly  by  the  twigs  being  broken  or  separated  by  the 
balls. 

A  rolling  gabion,  stuffed  with  fascines,  is  proof  against  the  ball  of  a  wall  piece 
at  15  yards;  at  the  distance  of  200  yards,  and  even  more,  it  is  pierced  through 
by  cannon  balls  of  the  smallest  calibre. 

The  penetration  of  balls  in  wool  is  more  than  double  of  that  in  compact  earth, 
even  when  the  wool  is  contained  in  clo<e,  well  quilted  mattresses,  pressed  be- 
tween hurdles.  At  40  yards,  a  musket  ball  penetrates  more  than  40  inches  into 
woollen  mattresses  thus  placed  together. 
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Effects  of  Shot  on  Cast  Iron. 

Shot  projected  with  even  a  .small  velocity  will  break  pieces  of  cast  iron  of 
very  large  dimensions.  A  24-pdr.  ball  fined  with  B  charge  of  l-12lh  and  moving 
with  a  velocity  of  SS3  feet  in  a  second,  split,  in  two  shots,  to  the  depth  of -10 
inches,  a  block  of  cast  iron  12  inches  wide  by  10  inches  thick.  The  fragments  of 
the  block  and  of  the  broken  shot  are  projected  with  sufficient  velocity  to  produce 
the  most  destructive  effects. 

According  to  these  results,  cast  iron  cannot  be  advantageously  used  either  for 
{run  carriages  or  for  rivetments  of  fortifications. 


Penetration  in  Masonry. 

Experiments  at  Fort  Monroe  Arsenal  in  1S39. 


MEAN  PENETRATION. 

CALIBRE. 

Charge. 

Distance. 

Dressed 

Potomac 

Hard 

granite. 

free  stone. 

brick. 

Shot. 

Lbs. 

Yards. 

In. 

In. 

In. 

8 

SSO 

3.0 

12. 

15.25 

Shell. 

8-in.  sea-coast  howitzer 

6 

8S0 

1. 

4.5 

8.5 

The  solid  shot  broke  against  the  granite,  but  not  against  the  free  stone  or  brick. 

The -shells  broke  into  small  fragments  against  each  of  the  three  materials. 

The  circumstances  attending  the  penetration  of  the  shot  and  shells  corre- 
sponded with  those  above  staled  in  the  experiments  at  .Met/.  The  wall  usedas 
a  target  was  built  of  dressed  stone  and  of  the  best  bricks,  laid  in  hydraulic  ce- 
ment; but  being  an  isolated  wall  (10  feet  square  of  each  material,  and  5  feel 
thick,  with  3  counterforts),  and  being  battered  before  the  masonry  was  perfectly 
set,  the  effect  of  the  projectiles  in  shattering  the  masonry  around  the  point  struck 
was  greater  than  indicated  by  the  experiments  referred  to. 

Penetration  in  a  Target  of  White  Oak  Timber,  5  feet  thick. 

Experiment  in  New  York  Harbor,  in  1S14. 


Charge.       Distance.     Diameter 


33-pdr. 


Lbs. 


Yards. 

100 
1D0 


Inches. 


60 

04 


Shot  wrapped  with  leather,  so  as 
to  destroy  the  windage. 
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Penetration  of  Lead  Balls  in  Seasoned  White  Oak. 

Experiments  at  Washington  Arsenal,  in  1839. 


Charge.     Distance.     Penetration 


REMARKS. 


Musket 

Common  rifle. 
Mall's  rille. . .. 


Hall's    carbine,   musket 
calibre 


Pistol 


Grains. 

Ill 
101) 
100 

'70 

si) 

90 
100 

51 


Yard; 


Inches. 

3.00 
2.0? 

2.00 
0.60 
0.80 
1.10 
1.20 
0.725 


Arms  loaded  with 
new  musket  pow- 
der. 


Charges  too  great 
for  service. 


Experiments  made  at  West  Point,  in  1S37. 


DISTANCE  IN  YARDS. 

Charge. 

3  J 

9 

50 

100 

150 

200 

300 

Grains. 

In. 

In. 

In. 

In. 

Id. 

III. 

In. 

f 

134 

2.00 

1.60 

l  .43 

1. 

0.66 

0.55 

0.00* 

*1    Ball    in    10  im- 

Musket ...  < 

12.r) 
90 

1 .60 
1 .60 

bedded. 

Common  ri lie 

,     92 

2.10 

1  .80 

1.43 

0.91 

0.65 

0.29 

O.OOf 

f  Indentation  0.2  in. 

Hall's  rifle... 

70 

1.12 

1 .  70 

0.63 

0.53 

0.40 

0.00J 

$2   Balls   in  10  im- 

1 

bedded. 

The   musket   fired  at  9  yards  distance,  with  a  charge  of  134  grains,  1  ball  and 
3  buckshot,  gave  for  the  ball,  a  penetration  of  1.15  in.;  buckshot,  0.41  in. 


Penetration  in  a  bundle  of  Musket  Ball  Cartridge  Paper,  No.  1. 

Musket,  with  131  grains,  at  13J  yards 653  sheets. 

Common  riile,  92  grains,  at  J3J  yards 500  sheets. 
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FIRING  HOT  SHOT. 

Furnaces  for  heating  shot  are  erected  at  the  forts  on  the  sea-coast.  These 
furnace*  hold  60  or  more  shot.  The  shot  being  placed,  and  the  furnace  cold,  it 
requires  1  hour  and  15  minutes  to  heat  them  to  a  red  heat.  After  the  furnace  is 
once  heated,  a  21-pdr.  shot  is  brought  to  a  red  heat  in  25  minutes ;  the  32  and 
42  require  a  few  minutes  longer.  Two  or  three  men  are  required  to  attend  a 
furnace. 

Grates.  In  siege  batteries,  or  in  other  situations  where  there  are  no  furnaces, 
a  grette  is  used  for  heating  shot.  This  grate  consists  of  4  bars,  1.75  in.  square] 
3  feet  long,  placed  diagonally,  4  in.  apart,  resting  on  3  iron  stands  with  legs  1 
foot  high. 

To  use  the  grate:  Make  an  excavation  1  foot  deep  and  1  foot  wide,  with  no 
slopes  at  the  sides  or  in  rear,  open  in  front.  Place  the  grate  in  it,  on  stones  or 
bricks,  rising  about  4.5  in.  above  the  bottom  ;  make  a  roof  over  it  with  hoops 
of  flal  iron,  covered  with  sods  and  with  18  in.  of  earth,  leaving  in  the  back  part 
a  chimney  6  in.  square.  Put  the  shot  on  the  grate,  leaving  about  one-fourth  of 
the  length  free,  in  front;  on  this  part,  and  under  the  front  of  the  grate,  put  the 
wood,  cut  into  pieces  about  11  in.  long  and  2  in.  or  2.5  in.  thick.  Make  use  of 
a  thick  sod,  as  a  register,  to  regulate  the  draught  of  the  chimney,  so  that  no 
Same  shall  issue  from  the  front  of  the  furnace.  This  little  furnace,  which  will 
contain  about  fifteen  24-pdr.  balls,  heals  them  to  a  red  heat  in  1  hour,  and  will 
supply  .'i  guns;   it  requires  the  attendance  of  one  man. 

IMPLEMENTS.  2  Pokers,  for  stirring  the  lire,  made  of  J  in.  round  iron,  5J  feet 
long,  the  end  bent  at  a  right  angle — 2  Iron  forks,  for  taking  out  the  shot.  These 
forks  are  immersed  alternately  in  water  to  cool  them  —  1  Rasp,  to  rub  the  scales 
from  the  balls  when  they  have  been  overheated — I  Pair  tongs  with  circular  jaws, 
for  taking  up  shot — 1  Iron  rake,  to  remove  the  cinders,  etc.,  from  the  ash  pit — 
1  Trough  or  tub — 1  Bucket — I  Barrel — 1  Rammer,  with  the  head  covered  by  a 
circular  plate  of  sheet  iron,  of  rather  larger  diameter  than  the  ball  ;  to  remove 
the  clay  which  may  stick  to  the  sides  of  the  bore  when  clay  wads  are  used — 
1  Ladle  (to  each  piece),  for  carrying  the  balls,  formed  of  an  iron  ring  the  interior 
of  which  is  bevelled  to  lit  the  ball,  with  2  arms  inserted  into  wooden  handles; 
for  small  calibres  it  is  made  with  1  handle. 

Wads  may  be  made  of  good  clay,  free  from  sand  or  gravel,  moistened  just 
enough  to  work  well  ;  the  wads  are  cylindrical,  1  calibre  long.  But  it  is  prefera- 
ble to  use  hay  u-ad.s  that  have  been  steeped  in  water  for  15  minutes  and  allowed 
to  drip. 

Cartridges  for  hot  shot,  are  made  of  cannon  cartridge  paper  or  parchment 
well  pasted,  to  prevent  the  powder  from  sifting  out;  they  should  be  carefully 
examined  before  use  to  see  that  there  are  no  holes  in  them.  It  is  best  to  use 
two  cartridge  bags,  one  within  the  olher. 
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Manner  of  Loading.  Elevate  the  muzzle  sufficiently  to  allow  the  ball  to  roll 
in  ;  ram  the  cartridge  home  carefully,  and  a  dry  hay  wad  over  it ;  then  a  wet  hay 
or  clay  wad  :  prick  and  prime  :  insert  the  ball,  and  put  a  wet  hay  or  clay  wad  over 
it:  this  second  clay  wad  may  be  only  J  calibre  long.  It  is  a  good  precaution  also 
to  pass  a  wet  sponge  into  the  gun  JUBI  before  pulling  in  the  shot.  When  wet 
hay  wads  are  used,  steam  is  seen  lo  issue  from  the  vent  as  soon  as  the  ball  gets 
home  ;  this  is  the  effect  of  the  heat  of  the  ball  upon  the  water  contained  in  the 
wad:  no  danger  can  result  from  it,  as  the  ball  may  be  allowed  lo  cool  in  the  gun 
without  the  charge  taking  fire:  but  it  is  belter  to  fire  without  much  delay,  as 
this  steam  would  injure  the  powder. 

The  penetrations  of  cold  and  hot  shot  into  wood  are  equal  under  the  same 
circumstances.  A  red  hot  shot  retains  sufficient  heat  to  set  lire  to  wood  afler 
having  struck  the  water  several  times.  The  lire  is  communicated  more  rapidly 
and  certainly  lo  the  wood  when  the  ball  does  not  penetrate  more  than  10  or  12 
inches,  because  at  a  greater  depth  the  communication  with  the  external  air  is 
not  sufficiently  free.  It  is  proper  therefore  lo  lire  with  small  charges,  J  to  J  wt. 
of  tht.'  shot,  according  to  the  distance,  in  order  that  the  shot  may  remain  in  the 
wood  and  not  penetrate  too  deep. 

Expansion  of  Shot  heated  to  a  white  heat. 


S-in. 


42 


32 


•J  4 


IS 


12 


Expansion. 


.In.       0.149   I     0.11 


0.10 


9.0S 


0.06 


0.04 


Healed  shot  do  not  return  to  their  original  dimensions  on  cooling,  but  retain 
a  permanent  enlargement,  as  will  uppear  from  the  following  table,  giving  the 
mean  of  10  trials  by  Lieutenant  Rodman,  of  the  Ordnance  Department: 


S-hiefi  Sliot. 


FIRST  HEATING. 


SECOND  HEATING. 


Diam.  Expansion.       <\  Diam.  Expansion. 


Original 
White   heat 
Cherry  red  , 
Afier  coolin 


In. 

7.-10 
7.989 
7.9<53 
7.S95 


In. 


0.149 

.123 
.054 


Per  ct. 

0.000 
.019 
.010 
.007 


In. 

S.017 
7.939 


In. 


Per  cl. 


0.177       0.022 
.099  '       .012 
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M  A  T  E  E I  A  L  S  . 

TIMBER. 

The  kinds  of  wood  principally  used  in  ordnance  constructions  are  the  follow- 
ing: 

White  Oak  (Quercus  alba).  The  bark  is  white,  the  leaf  long,  narrow  and 
deeply  indented;  the  wood  is  of  a  straw  color,  with  a  somewhat  reddish  tinge, 
tough  and  pliable.  It  is  the  principal  limber  used  for  ordnance  purposes,  being 
employed  for  all  kinds  of  artillery  carriages. 

White  Beech — Red  Beech  (Fagu.t  sylvestri* —  Fagus  ferruginea)  are  the 
most  suitable  for  fuzes  and  mallets  ;  also  for  plane  stocks  and  various  other 
tools. 

White  Ash  (Fraxinvs  Americana)  is  straight  grained,  tough  and  elastic,  and 
is  therefore  suitable  for  light  carriage  shafts;  in  artillery  it  is  used  chiefly  for 
sponge  and  rammer  staves;  sometimes  for  handspikes,  and  for  sabots  and  tool 
handles. 

Elm  (Uhnns   Americana)  is  well  suited  for  fellies  and  for  small  naves. 

Hickory  [Juglans  tomentosa)  is  very  tough  and  flexible;  the  most  suitable 
wood  for  handspikes  and  tool  handles,  and  for  wooden  axletrees. 

Black  Walnut  (Jiiglans  nigra)  is  hard  and  finegrained;  it  is  sometimes  used 
for  naves,  and  the  plank  for  ammunition  boxes;  it  is  used  exclusively  for  the 
stocks  of  small  arms. 

White  Poplar,  or  Tulip  Thee  {Lirioden droit  tnlipifera)  is  a  soft,  light,  fine 
grained  wood,  which  grows  to  a  great  size  ;  it  is  used  for  sabots,  cartridge 
blocks,  etc.,  and  for  the  lining  of  ammunition  boxes. 

White  Pine  (Pin/is  strobits)  is  used  for  arm  chests  and  packing  boxes  gene- 
rally, and  for  building  purposes. 

Cypress  (Ciipressus  disticha)  is  a  soft,  light,  straight  grained  wood,  which 
grows  to  a  very  large  size.  On  account  of  the  difficulty  of  procuring  oak  of  suit- 
able kind  in  the  Southern  Slates,  cypress  has  been  sometimes  used  for  sea-coast 
and  garrison  carriages.  It  resists  better  than  oak  the  alternate  action  of  heat  and 
moisture  to  which  sea-coast  carriages  are  particularly  exposed  in  casemates; 
but  being  of  inferior  strength,  a  larger  scantling  of  cypress  than  of  oak  is  required 
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for  the  same  purpose,  and  on  account  of  its  softness  ii  does  no(  resist  sufficiently 
the  friction  and  shocks  to  which  such  carriages  are  liable. 

B  iss  Woon  nit  American  Like  [Tilla  Americana)  is  very  light,  not  easily 
split,  and  is  excellent  for  sabots  and  cartridge  Mocks. 

Dog  Wood  [Comua  florida)  is  hard  and  lino  grained,  suitable  for  mallets. 
drills,  etc. 

Selection  of  Standing  Trees. 

The  principal  circumstances  which  affect  the  quality  of  growing  trees  are  soil, 
clitnatt   and  aspect. 

In  a  moist  soil,  the  wood  is  less  linn  and  decays  sooner  than  in  a  dry.  sandy 
soil,  but  in  the  latter  the  timber  is  seldom  line  ;  the  best  is  that  which  grows 
in  a  dark  soil,  mixed  with  stones  and  gravel  ;  this  remark  does  not  apply  to  the 
poplar,  willow,  cypress,  and'  other  light  woods,  which  grow  best  in  wet  situa- 
tions. 

In  the  United  Slates,  the  climate  of  the  Northern  and  Middle  Slates  is  most 
favorable  to  the  growth  of  the  timber  used  for  ordnance  purposes,  except. the 
cypress. 

Trees  growing  in  the  centre  of  a  forest,  or  on  a  plain,  are  generally  straighter 
and  more  (rvQ  from  limbs  than  those  growing  on  the  edge  of  the  forest,  in  open 
ground,  or  on  the  sides  of  hills,  but  the  former  are  at  the  same  time  less  hud. 
The  aspect  most  sheltered  from  the  prevalent  winds  is  generally  most  favorable 
to  the  growth  of  timber.  The  vicinity  of  salt  water  is  favorable  lo  the  Strength 
and  hardness  ol  white  oak. 

The  selection  of  timber  trees  should  be  made  before  the  fall  of  the  leaf.  A 
healthy  tree  is  indicated  by  the  top  branches  being  vigorous  and  well  covered 
with  leaves:  the  bark  is  clear,  smooth,  ami  of  a  uniform  color.  If  the  lop  has  a 
regular,  rounded  form;  if  the  bark  is  dull,  scabby,  and  covered  with  white  and 
red  spois,  caused  by  running  water  or  sap,  the  tree  is  unsound.  The  decay  of 
the  uppermost  branches,  ami  the  separation  of  the  bark  from  the  wood,  are 
infallible  signs  of  the  decline  of  the  tree. 


Felling  Timber. 

The  most  suitable  season  for  felling  timber  is  that  in  which  vegetation  is  at 
rest,  which  is  the  case  in  midwinter  and  in  midsummer.  Recent  experiments 
incline  to  give  preference  to  the  latter  season,  say  the  month  of  July ;  but  the 
usual  practice  is  to  fell  trees  for  timber  between  the  lirst  of  December  and  the 
middle  of  March. 

The  tree  should  be  allowed  to  obtain  its  full  maturity  before  being  felled  ;  this 
period  in  oak  timber  is  generally  at  the  age  of  from  75  to  100  years  or  upward, 
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according  to  circumstances.  The  age  of  hard  wood  is  determined  by  the  num- 
ber of  rings  which  may  be  counted  in  a  section  of  the  tree. 

The  tree  should  be  cut  as  near  the  ground  as  possible,  the  lower  part  being 
the  best  timber;  the  quality  of  the  wood  is  in  some  degree  indicated  by  the 
color,  which  should  he  nearly  uniform  in  the  heart  wood,  a  little  deeper  toward 
the  centre,  and  without  sudden  transitions. 

Felled  timber  should  he  immediately  stripped  of  its  bark,  and  raised  Irom  the 
ground. 

Defects  of  THmber  Trees  (especially  of  Oak). 

Sap,  the  while  wood  next  to  the  hark,  which  very  soon  rots,  and  should  never 
he  used,  except  that  of  hickory.  There  are  sometimes  found  rings  of  light 
colored  wood  surrounded  by  good  hard  wood;  this  may  he  called  the  second  sap} 
it  should  cause  the  rejection  of  the  tree  in  which  it  occurs. 

Brash  wood,  is  a  defect  generally  consequent  on  the  decline  of  the  tree  from 
age;  the  pores  of  the  wood  are  open,  the  wood  is  reddish  colored,  it  breaks 
short,  without  splinters,  and  the  chips  crumble  to  pieces.  This  wood  is  entirely 
unlit  for  artillery  carriages. 

Wood  which  has  died  before  being  felled  should  in  general  be  rejected  ;  so  should 
knotty  trees,  and  those  which  are  covered  with  tubercles  or  excrescences. 

Twisted  wood,  the  grain  of  which  ascends  in  a  spiral  form,  is  unfit  for  use  in 
large  scantling;  but  if  the  defect  is  not  very  decided,  the  wood  may  be  used  for 
naves  and  tor  some  light  pieces. 

Spilts,  checks  and  cracks,  extending  toward  the  centre,  if  deep  and  strongly 
marked,  make  the  wood  unfit  for  use,  unless  it  is  intended  to  be  split. 

Wind '.shakes,  are  cracks  separating  the  concentric  layers  of  wood  from  each 
other;  if  the  shake  extends  through  the  entire  circle  it  is  a  ruinous  defect. 

All  the  above-mentioned  defects  are  to  be  guarded  against  in  procuring  tim- 
ber for  use  in  artillery  constructions.  The  centre  heart  is  also  to  be  rejected, 
except  in  timber  of  very  large  size,  which  cannot  generally  be  procured  free 
from  it. 

Seasoning  and  Preserving  Timber. 

As  soon  as  practicable  after  the  tree  is  felled,  the  sap  wood  should  be  taken 
oil' and  the  timber  reduced,  either  by  sawing  or  splitting,  nearly  to  the  dimen- 
sions required  for  use.  Pieces  of  large  scantling,  or  of  peculiar  form,  such  as 
those  for  the  bodies  of  gun  carriages  and  for  chassis,  are  got  out  with  the  saw  ; 
those  of  smaller  dimensions,  such  as  spokes,  are  split  with  wedges.  Naves 
should  be  cut  to  the  proper  length  and  bored,  through  the  axis,  with  a  1J  in. 
auger,  to  facilitate  their  seasoning  and  to  prevent  cracking  as  much  as  possible. 
They  should  be  cut  from  the  butt  of  the  tree. 
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Timber  of  large  dimensions  is  improved  by  immersion  in  water  for  some 
week*,  according  to  its  size,  after  which  it  is  less  subject  to  warp  and  crack  In 
seasoning. 

For  the  purpose  of  seasoning,  timber  should  be  piled  under  shelter,  where  it 
maybe  kept  dry,  but  not  exposed  to  a  strong  current  of  air ;  at  the  same  time 
there  should  be  a  tree  circulation  of  air  about  the  timber,  with  which  view  slats 
or  blocks  ot  wood  should  be  placed  between  the  pieces  that  lie  over  each  other. 
near  enough  together  to  prevent  the  timber  from  bending.  In  the  sheds,  the 
pieces  of  timber  should  be  piled  in  this  way,  or  in  square  piles,  and  classed 
according  to  age  and  kind.  Each  pile  should  be  distinctly  marked  with  the 
number  and  kind  of  pieces,  and  their  age,  or  the  date  of  receiving  them.  The 
piles  should  be  taken  down  and  made  over  again  at  intervals,  varying  with  the 
length  of  lime  which  the  timber  has  been  cut.  The  seasoning  of  timber  requires 
from  2  to  S  years,  according  to  its  size. 

Gradual  drying  and  seasoning  in  this  manner  is  considered  the  most  favorable 
to  the  durability  and  strength  of  timber,  but  various  methods  have  been  proposed 
for  hastening  the  process.  For  this  purpose,  steaming  timber  lias  been  applied 
with  success  ;  and  the  result  of  experiments  with  Mr.  Kyan's  process  of  satu- 
rating timber  with  a  solution  of  corrosive  sublimate,  have  been  highly  satisfac- 
tory :  this  is  said  to  harden  and  season  the  wood,  at  the  same  time  that  it  secures 
it  from  the  dry  rot  and  from  the  attacks  of  worms.  The  process  of  Mr.  Earle, 
which  consists  in  saturating  the  wood  with  a  hot  solution  of  copperas  and  blue 
vitriol  mixed  together,  has  been  tried  by  the  Ordnance  Department,  but  the 
results  have  not  been  favorable,  as  regards  its  effect  on  the  strength  or  preser- 
vation of  the  timber.  Kiln  drying  is  serviceable  only  for  boards  ami  pieces  of 
small  dimensions,  and  is  apt  to  cause  cracks  and  to  impair  the  strength  of  wood, 
unless  performed  very  slowly.  Charring  or  painting  is  highly  injurious  to  any 
but  seasoned  timber,  as  it  effectually  prevents  the  drying  of  the  inner  part  of 
the  wood,  in  which  consequently  fermentation  and  decay  soon  take  place. 

Oak  limber  loses  about  one-fifth  <;/'  its  weight  in  seasoning,  and  about  one-third 
of  its  weight  in  becoming  perfectly  dry. 
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Measuring  Timber. 

Sawed  or  hewn  timber  is  measured  by  the  cubic  foot,  or  more  commonly  by 
board  measure,  the  unit  of  which  is  a  superficial  foot  of  a  board   1   in.  thick*. 

Small  pieces,  especially  those  which  are  got  out  by  splitting  (such  as  spokes), 
and  shapes,  or  pieces  roughed  out  to  a  particular  pattern  (such  as  stocks  for 
small  arms),  are  often  purchased  by  the  piece. 

Usual  rule  lor  measuring  round  limber: 

Multiply  tlir  li iir/tli  by  the  square  of  our  -/mirth  the  mean  girth,  lor  the  solid  con- 
contents  ;  or,  — — ;  L  being  the  length  oi  the  log,  and  C  half  the  sum  of  the  cir- 
cumferences of  the  two  ends.  But  when  round  timber  is  procured  for  use  in 
the  Ordnance  Department,  it  should  be  measured  according  to  the  square  of 
■rood  timber  which  can  be  obtained  from   the  \og. 


Table,  showing  the  Superficial  Feet  in  one  lineal  foot  of  B<>,ir<l.< 
of  various  widths. 


In. 

Sup.  ft. 

In. 

Sup.  ft. 

In. 

Sup.  ft. 

0.25 

0.020S 

4.25 

0.3542 

8.25 

0.GS75 

0.5 

0.0417 

4.5 

0.375 

8.5 

0.7083 

0.75 

O.Ot  125 

1.75 

0.3958 

8 .  75 

0.7292 

1. 

0.0S33 

5. 

0. 41(17 

9. 

0.7.'. 

1.25 

0.1042 

5.25 

0.437.'. 

9.25 

0.7708 

1.5 

0.125 

5.5 

0.455.3 

9.5 

0.7917 

1.75 

0.1458 

5.75 

0.4792 

9.75 

0.8125 

2. 

0.1G67 

G. 

0.5 

10. 

5.838.'J 

2.25 

0.1b75 

6.25 

0.52 OS 

10.25 

0.8542 

2.5 

0.2083 

(3.5 

0.5417 

10.5 

0.875 

2.75 

0.2292 

•5.75 

0.5625 

10.75 

0.8958 

3. 

0.25 

7. 

0.5S33 

11. 

0.91 G7 

3.25 

0.2708 

7.25 

0.6042 

11.25 

0.9375 

3.5 

0.2917 

7.5 

0.625 

11.5 

0.9583 

'     3.75 

0.3125 

7.75 

0.G45S 

11.75 

0.979J 

J- 

0.3333 

S. 

0.GGG7 

12. 

1 .0000 

To  find  the  number  of  feet,  hoard  measure,  in  any  piece  of  timber  of  a  given 
width,  multiply  the  tabular  area,  for  that  width,  by  the  length  in  feet  and  the 
thickness  in  inches. 
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IRON. 

Iron  i>  obtained  from  ores  in  which  it  generally  exists  in  the  Mate  of  an  oxide, 
combined  with  earthy  or  stony  matters,  and  sometimes  with  sulphur,  arsenic^ 
a,  manganese,  etc.  Iron  ores  are  classed  and  named  according  to  their 
different  combinations,  as,  magnetic,  specular,  micaceous,  red  hematite,  brown  hema- 
tite; the  last  named  is  the  ore  from  which  the  Salisbury  and  the  Juniata  irons 
are  extracted. 

Making  Pig  Iron. 

Roasting.  To  obtain  pig  iron,  the  ore  is  lirst  roasted,  to  separate  such  of  the 
foreign  substances  as  can  be  consumed  or  volatilized  by  a  moderate  heat.  For 
ibis  purpose  the  ore  is  distributed  in  layers  alternately  with  refuse  coal  or  char- 
coal, and  burnt  in  the  open  air,  or  in  a  kiln  similar  to  that  used  for  burning  lime  : 
when  sufficiently  calcined,  the  ore  is  easily  broken  into  pieces  of  the  proper  size 
for  smelting. 

SMELTING  separates  the  iron  from  the  refractory  substances  with  which  it  is 
combined  in  the  ore.  It  is  effected  in  the  blast  furnace,  by  exposing  the  ore  to 
a  great  heat,  in  conjunction  with  a  suitable  llux  of  limestone  or  clay,  which,  com- 
bining with  the  earthy  matter,  runs  oil' over  the  dam.  in  a  cinder,  leaving  the 
iron  to  settle  at  the  bottom  of  the  furnace,  where  it  is  protected  from  the  blast 
by  the  cinder,  and  kept  hot  and  fluidj  until  it  is  drawn  off  into  open  channels  or 
moulds,  in  the  form  of  pigs,  which  is  usually  i\"\w  every  twelve  hours. 

The  kinds  of  fuel  used  for  smelting  arc  charcoal,  bituminous  coal,  coke,  and 
recently,  anthracite  coal.  For  many  purposes,  such  as  sheets  tor  tinning,  bars 
for  converting  into  steel,  charcoal  iron  is  exclusively  used,  and  for  bar  iron,  it  is 
superior  to  that  made  with  bituminous  coal;  but  for  castings,  the  latter  may  be 
used  with  advantage. 

Pig  iron,  according  to  the  proportion  of  carbon  which  it  contains,  is  divided 
into  foundry  iron  and  forge  iron,  the  latter  being  adapted  only  to  converting  into 
malleable  iron  ;  while  the  former,  containing  the  largest  proportion  of  carbon, 
can  be  \\>v<\  either  for  casting  or  for  making  bar  iron. 

Malleable  Iron. 

Malleable  iron  may  be  made  directly  from  the  pigs,  by  means  of  the  bloomery 
or  puddling  furnace;  but  when  it  is  desired  to  obtain  iron  homogeneous  and  of 
the  best  quality,  the  pig  iron  should  invariably  be  refined,  Otherwise  the  bar  iron 
will  be  full  of  black  specks  and  cinder  holes. 
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Refining.  This  important  operation  deprives  the  iron  of  a  considerable  por- 
tion of  its  carbon;  it  is  effected  in  a  blast  furnace  where  the  iron  is  melted  by 
means  of  charcoal  or  coke,  and  exposed  for  some  time  to  the  action  of  a  great 
heat;  the  metal  is  then  run  into  a  cast  iron  mould,  by  which  it  is  formed  into  a 
large,  broad  plate,  about  2.5  in.  thick.  As  soon  as  the  surface  of  the  plate  is 
chilled,  cold  water  is  poured  on  plentifully,  to  render  it  brittle. 

The  next  process  is  to  convert  the  metal  into  malleable  iron,  by  depriving  it 
of  its  remaining  carbon  and  oxygen,  which  in  the  United  States  is  usually  effected 
in  the  bloomrry  fire  :  in  England,  by  means  of  &  puddling  furnace. 

Bloom ERY.  The  bloomcry  resembles  a  large  forge  lire,  where  charcoal  and  a 
strong  blast  are  used,  and  the  refined  metal  or  the  pig  iron,  after  being  broken 
into  pieces  of  the  proper  size,  is  placed  before  the  blast,  directly  in  contact  with 
the  charcoal;  as  the  metal  fuzes,  it  falls  into  a  cavity  left  for  that  purpose  below 
the  blast,  where  the  bloomer  works  it  into  the  shape  of  a  ball,  which  he  places 
again  before  the  blast,  surrounded  with  fresh  charcoal ;  this  operation  is  gener- 
ally again  repeated,  when  the  ball  is  ready  lor  the  shingler. 

Fuddling,  is  effected  in  a  reverberatory  furnace,  where  the  flame  of  bitumi- 
nous coal  is  made  10  act  directly  on  the  metal,  which  has  been  previously  broken 
into  small  pieces.  When  melted,  it  is  thoroughly  worked  by  the  puddler,  who 
separates  his  charge,  on  the  cast  iron  bottom  or  hearth  of  the  furnace,  into  five 
or  six  p  tiddlers'  balls,  weighing  from  SO  to  100  pounds  each.  These  balls  are 
next  passed  to  the  shingler. 

Shingling  is  best  performed  under  the  till  hammer  weighing  from  two  to  four 
tons,  although  it  is  sometimes  done  under  a  squeezer  ;  it  has  a  double  object,  to 
form  the  ball  into  a  shape  to  be  received  by  the  puddle  rolls,  and  to  express  the 
liquid  cinder  which  may  remain  in  the  ball;  this  is  eflected  by  from  fifteen  to 
twenty  blows  with  the  hammer;  the  ball,  now  called  a  bloom,  is  ready  for  being 
rolled  or  hammered. 

Puddle  Rolls.  By  passing  through  different  grooves  in  these  rolls,  the  bloom 
is  reduced  to  a  rough  bar  from  three  to  four  feet  in  length,  its  name  conveying 
an  idea  of  it.»  condition,  which  is  rough  and  imperfect. 

The  bloom  may  be  broken  down  under  the  hammer,  instead  of  rollers;  for  this 
purpose,  the  shingler  works  the  bloom  as  long  as  the  heat  will  permit,  when  it  is 
re-heated  and  hammered,  until  it  is  reduced  to  one  or  more  an  conies,  according 
to  the  size  of  bar  which  it  is  intended  to  make;  these  are  again  heated  and 
reduced  to  the  required  size  and  shape. 

Piling.  To  prepare  rough  bars  for  this  operation,  they  are  cut,  either  hot  or 
cold,  by  means  of  a  strong  pair  of  shears,  into  such  lengths  as  are  best  adapted 


384 


CHAP.    XIV. MATERIALS. 


to  the  size  of  the  finished  bar  required  ;  the  sheared  bars  are  piled,  one  over  the 
other,  to  the  number  of  from  two  to  six  or  more  pieces,  according  to  the  size 
required,  when  the  pile  is  ready  for  balling. 

BaLLINO.  This  operation  is  performed  in  the  balling  furnace,  which  is  similar 
to  the  puddling  furnace,  except  that  its  bottom  or  hearth  is  made  up,  from  lime 
to  time,  with  sand  instead  of  cast  iron  ;  it  is  used  to  give  a  welding  heat  to  the 
piles  to  prepare  them  for  rolling. 

Finishing  Rolls.  The  balls  are  passed  successively  between  rollers  of  vari- 
ous forms  and  .sizes  according  to  the  shape  of  the  finished  bar  required. 

These  bars  are  straightened  on  a  east  iron  bed,  with  heavy  wooden  beetles. 

Properties  of  I3ar  Iron.  All  iron  contains  more  or  less  carbon,  the  hardest 
containing  the  least,  and  the  proportion  varies  from  A  to  2  per  cent.  It  expands 
1-S12th  part  from  32°  to  212°  Fahr.,  and  1-1 40th  part,  from  32°  to  a  red  heat- 
Specific  gravity,  7,7SS. 

To  test  the  quality  of  bar  iron.  The  most  convenient  test  is  by  the  fracture; 
but  this  is  not  always  sufficient,  as  the  same  iron  will  present  different  appear- 
ances, according  to  the  manner  in  which  it  has  been  forged,  and  the  degree  of 
heat  to  which  it  has  been  subjected.  In  testing  by  the  fracture,  the  sample  should 
be  1  inch  square,  or  if  a  flat  bar,  J  inch  thick;  cut  a  notch  on  one  side  with  a 
cold  chisel,  and  bend  the  bar  down  over  the  edge  of  an  anvil,  or  give  it  a  heavy 
blow,  when  lying  Hat  on  the  ground,  with  a  sledge  hammer;  if  the  fracture 
exhibits  long  silky  fibres,  of  a  leaden  gray  color,  cohering  together  and  twisting 
or  pulling  apart  before  breaking,  it  denotes  a  tough,  soft  iron,  which  is  easy  to 
work  and  hard  to  break,  suitable  for  sheet  iron,  wire,  etc.,  but  it  may  weld  badly. 
A  medium,  even  grain,  mixed  with  fibres  as  above,  but  without  bright  specks 
or  dark  sputs,  is  also  a  favorable  indication.  In  general,  a  short,  blackish 
fibre  indicates  iron  badly  refined  and  mixed  wnh  carbon,  plumbago,  or  oxide; 
if  worked  very  h  )t,  it  may  lie  improved,  but  there  will  be  a  great  waste.  A  very 
Jiiie,  close  grain  denotes  a  hard,  Steely  iron,  which  is  apt  to  be  cold-short,  hard  to 
work  with  the  hammer  or  file.  A  coarse  grain,  with  a  brilliant,  crystallized  frac- 
ture, or  yellow  or  brown  spots,  denotes  a  brittle  iron,  inclined  to  be  cold-short, 
but  working  easily  when  healed,  and  making  a  good  weld.  Numerous  cracks 
on  the  edges  of  the  bar  generally  indicate  a  hot-short  iron,  which  cracks  or  breaks 
when  punched  or  worked  at  a  red  heat,  and  will  not  weld  j  it  is  strong  when 
cold,  and  may  be  useful  in  that  state,  but  if  worked,  care  should  be  taken  not  to 
subject  it  to  strains  at  a  red  heat.  Blisters ,  flaws  and  cinder  holes,  are  caused  by 
imperfect  welding  at  too  low  a  heat,  or  by  the  iron  not  being  properly  worked, 
and  do  not  always  indicate  an  inferior  quality.     The  above  mentioned  characters 
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arc  not  often  found  separate  in  iron,  and  its  quality  must  be  determined  by  their 
corrtbfni  tion,  and  by  tlie  predominance  of  one  or  the'oiher  of  them.  In  general, 
good  iron  is  readily  healed,  is  soft  under  the  hammer,  and  throws  out  but  few 
sparks  when  taken  from  the  tire. 

The  best  test  for  bar  iron  is  to  have  a  piece  forged  into  the  shape  in  which  it  is 
intended  to  use  it.  Another  test  for  iron  when  cold  is  to  cut  a  screw  thread  on  B 
square  bar,  and  bend  it  by  Striking  I  lie  end  with  a  hammer:  also  by  punching  or 
drilling  pieces  which  are  to  have  holes  in  them  ;  in  the  case  of  the  square  bar,  it 
should  be  bent  in  different  directions  at  sharp  angles,  and  if  the  bar  is  heavy, 
place  the  end  on  the  corner  of  the  anvil,  and  strike  it  with  a  heavy  sledge  until 
the  piece  is  forced  olf.  Examine  the  welding  of  pieces  which  are.  jumped  on,  or 
■upset.  . 

To  test  iron  when  hot.  Draw  out  the  iron,  bend  and  twist  it — split  it,  and  turn 
back  the  two  parts,  to  see  if  the  split  extends  up — punch  a  long  hole  in  the  direc- 
tion of  the  fibre  and  another  at  right  angles  lo  it — punch  holes  of  different  lurms 
— weld  the  iron  to  iron  and  steel — make  chains  from  small  rods — observe  if 
cracks  or  flaws  weld  easily — finally,  forge  some  of  the  most  difficult  pieces  for 
which  the  iron  is  intended. 

Note  on  Forging.  Good  iron  is  often  injured  by  being  unskilfully  worked. 
Care  should  be  taken  that  the  iron  while  heating  is  not  exposed  to  the  air,  which 
would  assist  in  forming  scales  of  oxide  on  its  surface;  it  is  to  prevent  this  that 
the  workman  from  time  to  time  throws  sand  or  clay  on  his  iron  to  protect  it. 
When  iron  is  at  a  while  heat,  immediate  contact  with  coal  tends  to  carbonize  it 
and  make  it  sleety.  Iron  heated  for  any  purpose,  and  especially  for  welding, 
should  be  healed  as  rapidly  as  possible,  in  order  to  expose  it  the  least  possible 
time  to  the  action  of  the  air  and  coal;  for  ihis  purpose,  the  strongest  fuel,  with 
an  abundant,  steady  blast,  is  necessary.  Defects  in  iron,  caused  by  unskilful 
working  maybe  remedied  in  part;  if.  for  example,  iron  has  been  ourned,  give  it 
a  smart  heat,  protected  as  much  as  possible  from  the  air;  if  the  iron  has  been 
injured  by  told  hammering,  a  moderate  annealing  heal  will  restore  it;  if  the  iron 
has  become  hard  and  steely,  give  it  one  or  more  smart  heats  to  extract  ihe 
carbon. 


( ''tst  Iron. 

Iron  castings  for  ordnance  purposes  are  made  of  ihe  pig  metal  obtained  from 
the  smelling  furnace.  There  are  many  varieties  of  cast  iron,  diflerins  from  each 
other  by  almost  insensible  shades;  the  two  principal  divisions  are  gray  and  white 
so  called  from  the  color  of  the  fracture  when  recent. 
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Gray  iron,  is  softer  and  less  brittle  than  white  iron  :  it  is  in  a  slight  degree 
malleable  and  flexible,  and  is  not  Sonorous;  it  can  be  easily  drilled  and  turned 
in  the  lathe,  and  does  not  resist  the  tile.  It  has  a  brilliant  fraetnre,  of  a  gray,  or 
sometimes  a  bluish  gray  color;  the  color  is  lighter  as  the  grain  becomes  closer, 
and  its  hardness  increases  aj  the  same  time.  A  medium  sized  grain,  bright 
gray  color,  lively  aspect,  fracture  sharp  to  the  touch,  and  a  close  compact  tex- 
ture, indicate  a  good  quality  of  iron.  A  grain  either  very  large  or  very  small,  a 
dull,  earthy  aspect,  loose  texture,  dissimilar  crystals  mixed  together,  indicate  an 
interior  quality. 

Gray  iron  melts  at  a  lower  heal  than  white  iron,  becomes  more  fluid,  and 
preserves  its  fluidity  longer ;  it  runs  smoothly;  the  color  of  the  fluid  metal  is 
red,  and  deeper  in  proportion  as  the  heat  is  lower;  it  does  not  stick  to  the  ladle  ; 
it  (ills  the  moulds  well,  contracts  less  and  contains  fewer  cavities  than  while 
iron:  the  edges  of  a  casting  are  sharp  and  the  surface  smooth,  convex,  and 
covered  with  carburet  of  iron.  Gray  iron  is  the  only  kind  suitable  for  making 
castings  which  require  great  strength,  such  as  cannon.  Its  tenacity  and  specific, 
gravity  are  diminished  by  annealing.     Its  mean  specific  gravity  is  7,200. 

While  iron  is  very  brittle  and  sonorous;  it  resists  the  tile  and  the  chisel,  and 
is  susceptible  of  high  polish;  the  surface  of  a  casting  is  concave;  the  fracture 
presents  a  silvery  appearance,  generally  line  grained  and  compact,  sometimes 
radiating,  or  lamellar. 

When  melted  it  is  white,  and  throws  off  a  great  number  of  sparks,  and  its 
qualities  are  the  reverse  of  those  of  gray  iron;  it  is  therefore  unsuitable  for  ord- 
nance purposes.  Its  tenacity  is  increased  and  its  specific  gravity  diminished  by 
annealing.     Its  mean  specific  gravity,  7,.r)00. 

Mottlfd  iron  is  a  mixture  of  while  and  gray ;  it  has  a  spotted  appearance ;  it 
flows  well  nnd  with  few  sparks;  the  casting  has  a  plane  surface,  with  edges 
slightly  rounded.     It  is  suitable  for  making  shot  and  shells. 

Besides  these  general  divisions  the  manufacturers  distinguish  more  particu- 
larly the  different  varieties  of  pig  metal  by  numbers,  according  to  their  relative 
hardness. 

No.  1  is  the  softest  iron,  possessing  in  the  highest  degree  the  qualities  de- 
scribed as  belonging  to  gray  iron;  it  has  not  much  strength,  but  on  account  of 
its  fluidity  when  melted  and  of  its  mixing  advantageously  with  old  or  scrap  iron, 
and  with  the  harder  kinds  of  cast  iron,  it  is  of  great  use  to  the  (bunder,  and  com- 
mands the  highest  price. 

No.  2  is  harder,  closer  grained,  and  stronger  than  No.  1  ;  it  has  a  gray  color 
and  considerable  lustre.  It  is  the  kind  of  iron  most  suitable,  in  general,  for 
making  shot  and  shells. 

No.  3  is  still  harder  than  No.  2.     Its  color  is  gray,  but  inclining  to  white;  it  has 
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considerable  strength,  but  it  is  principally  used  by  the  founder  for  mixing  with 
other  kinds  of  iron. 

No.  4  is  briglit  iron.  No.  5,  mottled.  No.  6,  white,  which  is  unfit  for  general 
use  by  itself. 

The  qualities  of  these  various  kinds  of  iron  seem  to  depend  on  the  proportion 
of  earbon,  and  on  the  state  in  which  it  is  found  in  the  metal.  In  the  darker 
kinds  of  iron,  where  the  proportion  is  sometimes  7  per  cent,  of  carbon,  it  exists 
partly  in  the  state  of  graphite  or  plumbago,  which  makes  the  iron  soft.  In  white 
iron  the  carbon  is  thoroughly  combined  with  the  metal,  as  in  steel. 

Cast  iron  lrequently  retains  a  portion  of  foreign  ingredients  from  the  ore,  such 
as  earths,  or  oxides  of  other  metals,  and  sometimes  sulphur  and  phosphorus, 
which  are  all  injurious  to  its  quality.  Sulphur  hardens  the  iron,  and  unless  in  a 
very  small  proportion,  destroys  its  tenacity. 

These  foreign  substances,  and  also  a  portion  of  the  carbon,  are  separated  by 
melting  the  iron  in  contact  with  air,  and  soft  iron  is  thus  rendered  harder  and 
stronger.  The  eflect  of  remelling  varies  with  the  nature  of  the  iron  and  the  kind 
of  ore  from  which  it  has  been  extracted;  that  from  the  hard  ores,  such  as  the 
magnetic  oxides,  undergoes  less  alteration  than  that  from  the  hematites;  the  lat- 
ter heiug  sometimes  changed  from  No.  1  to  white  by  a  single  remelling  in  the 
air  furnace.  The  kind  of  iron  most  suitable  for  any  special  purpose,  such  as  the 
casting  of  cannon,  should  be  ascertained  by  trial  for  that  purpose  in  the  furnace 
in  which  it  is  to  be  used. 

All  cast  iron  expands  forcibly  at  the  moment  of  becoming  solid,  and  again 
contracts  in  cooling;  gray  iron,  as  before  remarked,  expands  more  and  contracts 
less  than  other  iron. 

The  color  and  texture  of  cast  iron  depend  greatly  on  the  size  of  the  casting 
and  the  rapidity  of  cooling;  a  small  casting,  which  cools  quickly,  is  almost  always 
white,  and  the  surface  of  large  castings  partakes  more  of  the  qualities  of  white 
metal  than  the  interior. 


STEEL. 


Steel  is  a  compound  of  iron  and  carbon,  in  which  the  proportion  of  the  latter 
is  from  f>  to  1  per  cent.,  and  even  less,  in  some  kinds.  Steel  maybe  distinguish- 
ed from  iron  by  its  fine  grain;  its  susceptibility  of  hardening  by  immersion, 
when  hot,  into  cold  water;  and  with  certainly,  by  the  action  of  diluted  nitric 
acid,  which  leaves  a  black  spot  on  steel,  and  on  iron  a  spot  which  is  lighter 
colored  in  proportion  as  the  iron  contains  less  carbon. 
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There  are  many  varieties  of  steel,  the  principal  of  which  are  : 

Natural  steel,  which  is  obtained  by  reducing  the  rich  and  pure  kinds  of  iron 
ore  wiiii  charcoal  and  refining-  the  cast  iron,  so  as  to  deprive  it  of  a  sufficient 
portion  of  carbon  to  bring  it  to  a  malleable  slate.  It  is  made  principally  in  Ger- 
many and  is  used  for  making  files  and  other  tools. 

The  India  steel  called  Wootz  is  said  to  be  a  natural  steel,  containing  a  small 
portion  ol  other  metals. 

Blistered  steel,  or  steel  of  cementation,  is  prepared  by  the  direct  combination  of 
iron  and  carbon.  For  this  purpose,  the  iron  in  bars  is  put  in  layers  alternating 
with  powdered  charcoal,  in  a  close  furnace,  and  exposed  for  7  or  8  days  to  a 
heat  of  about  70°  Wedgewood,  and  then  suffered  to  cool  for  as  many  days 
more.  The  bars  on  being  taken  out  are  covered  with  blisters,  have  acquired  a 
brittle  quality,  and  exhibit  in  the  fracture  a  uniform  crystalline  appearance. 
The  degree  of  carbonization  is  varied  according  to  the  purpose  for  which  the 
steel  is  intended,  and  the  best  qualities  of  iron  (Russian  and  Swedish)  are  used 
for  the  finest  kinds  of  steel. 

Tilted  steel,  is  made  from  blistered  steel  moderately  healed  and  subjected  to 
the  action  of  a  tilt  hammer,  by  which  means  its  tenacity  and  density  are  increas- 
ed, and  it  is  thus  adapted  to  use. 

Shear  steel,  is  made  from  blistered  or  natural  steel  refined  by  piling  thill  b;irs 
into  faggots,  which  are  brought  to  a  welding  heat  in  a  reverberatory  furnace, and 
hammered  or  rolled  again  into  bars;  this  operation  is  repeated  several  times  to 
produce  the  finest  kinds  of  shear  steel,  which  are  distinguished  by  the  names  of 
half  shear,  single  shear,  and  double  shear,  Or  steel  of  1  mark,  oi  2  marks,  of  3 
marks,  etc.,  according  to  the  number  of  limes  it  has  been  piled. 

Cast  steel,  fs  made  by  breaking  blistered  steel   into  small  pieces  and   melting 

it  in  close  crucibles  from  which  it  is  poured  into  iron  moulds;  the  ingot  is  then 
reduced  to  a  bar  by  hammering  or  rolling,  as  described  under  the  head  of  malle- 
able iron,  these  operations  being  performed  with  great  care.  Cast  steel  is  the 
finest  kind  of  sleel  and  best  adapted  for  most  purposes;  it  is  known  by  a  very 
line,  even,  and  close  grain  and  a  silvery  homogeneous  fracture;  it  is  very  brittle 
and  acquires  extreme  hardness,  but  is  dillieult  to  weld  without  the  use  of  a  flux. 
The  other  kinds  of  sleel  have  a  similar  appearance  to  cast  steel,  but  the  grain  is 
coarser  and  less  homogeneous;  they  are  softer  and  less  brittle,  and  weld  more 
readily.  A  fibrous  or  lamellar  appearand'  in  the  fracture  indicates  an  imperfect 
sleel.  A  material  of  great  toughness  and  elasticity,  as  well  as  hardness,  is  made 
by  forging  together  steel  and  iron,  forming  the  celebrated  damask  steel,  which 
is  used  for  sword  blades,  springs,  etc.  ;  the  damasked  appearance  is  produced 
by  the  action  of  a  diluted  acid,  which  gives  a  black  tint  to  the  steel  parts,  whilst 
the  iron  remains  white. 

Various  fancy  steels,  or  alloys  of  steel  with  silver,  platinum,   rhodium,  ahnin- 
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Tiiitm,  have  been  made  with  a  view  to  imitating  the  Damascus  steel,  wootz,  etc.. 
and  improving  the  fabrication  of  some  of  the  (iner  kinds  of  surgical  and  other 
instruments. 

Puoperties  of  Steel.  The  best  steel  possesses  ihe  following  characters  : 
heated  to  redness  and  plunged  into  cold  water,  it  becomes  hard  enough  to  scratch 
glass,  and  to  resist  the  best  liles;  the  hardness  is  uniform  throughout  the  piece  i 
after  being  tempered  it  is  no  easily  broken  :  it  welds  readily;  it  does  not  crack 
or  split;  it  bears  a  very  high  heat  and  preserves  the  capability  of  hardening  after 
repeated  working;  the  grain  i>  line.  even,  and  homogeneous,  and  it  receives  a 
brilliant  polish.     Its  specific  gravity  is  7,816,  being  greater  than  that  of  iron. 

Test.  Break  a  few  bars  taken  at  random;  make  tools  of  ihem  and  try  them 
in  the  severest  manner. 

Hardening  and  Tempering  Steel.  On  these  operations  the  quality  of  manu- 
factured steel  in  a  great  measure  depends. 

Hardening  is  effected  by  healing  the  steel  to  o  cherry  red,  or  until  the  scales 
of  oxide  are  loosened  on  the  surface,  and  plunging  it  into  a  liquid,  or  placing  it 
in  contact  with  some  cooling  substance  ;  the  degree  of  hardness  depends  on  the 
heat  and  the  rapidity  of  cooling.  Steel  is  thus  rendered  so  hard  as  to  resist  the 
hardest  liles.  and  it  becomes  at  the  same  time  extremely  brittle.  The  degree  of 
heat  and  the  temperature  and  nature  of  the  cooling  medium  must  be  chosen 
with  reference  to  the  quality  of  the  steel  and  the  purpose  for  which  it  is  intended. 
Cold  water,  mercury  and  acids,  give  the  greatest  hardness;  oils  and  fatty  sub- 
stances, sand,  wet  iron  scales  or  cinders,  etc.,  give  an  inferior  degree  of  hard- 
ness, but  prevent  the  cracks  which  are  caused  by  too  rapid  cooling.  The  lower 
the  heat  at  which  the  steel  becomes  hard,  the  better. 

Tempering.  Steel  in  its  hardest  state  being  too  brittle  for  most  purposes,  the 
requisite  strength  and  elasticity  are  obtained  by  tempering,  or  letting  (/men  the 
temper,  as  the  workmen  term  it,  which  is  performed  by  heating  the  hardened 
steel  to  a  certain  degree  and  letting  it  cool  gradually.  The  requisite  heat  is  usu- 
ally ascertained  by  the  color  which  the  surface  of  the  steel  assumes  from  the 
film  of  oxide  thus  formed.  The  degrees  of  heat  to  which  these  several  colors 
correspond,  are  as  follows  : 

At  -loO0  Fahr..  a  very  faint  yellow.  )  Suitable   for  hard   instruments;  as  hammer 
At4f)0°      "      a  pale  straw  color.  J       faces,  drills,  for  hard  substances,  etc. 

,     ,_„„      ..  run  (  For  instruments  requiring  hard  edges  with- 

f  '  afUllyell0T out    elasticity;    as   shears,  scissors,  tools 

A.  490°     "     a  brown  color....  |     for  ^rniog  iron  and  steel. 

At  510°       "      brown,  with  pur-)  For    tools  for  cutting  wood    and    soft    met- 

ple  spots y      als;    such  as  plane  irons,  chisels,  knives. 

At  530°       "      purple J      etc. 
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f  For    tools    requiring    strong   edges    without 

At  •r)-r>0°  Fahr.,  dark  blue !      extreme   hardness;  as   cold  chisels,  axes, 

At  f)G0°      "      full  blue... 1      table  cutlery,  etc.,  which  will  break  before 

[      bending. 

At  000°  '•  grayish  blue  verg-  )  For  spring  temper,  which  will  bend  before 
ir.g  on  black  ..   )       breaking;   saws,  sword  blades,  etc. 

If  the  steel  is  heated  higher  than  this,  the  effect  of  the  hardening  process  is 
deMroyed. 

Case  Hardening,  is  the  conversion  of  the  surface  of  wrought  iron  into  steel, 
for  the  purpose  of  adapting  it  to  receive  a  polish,  or  to  bear  friction,  etc. ;  this  is 
effected  by  heating  the  iron  to  a  cherry  red,  in  n  close  vessel,  in  contact  with 
carbonaceous  materials,  and  then  plunging  it  into  cold  water.  Bones,  leather, 
hoofs  and  horns  of  animals,  are  generally  used  for  this  purpose,  after  having  been 
burnt  or  roasted,  so  that  they  can  be  pulverized.     Soot  is  also  frequently  used. 


Welding  Composition,  for  Iron  or  Steel. 

Borax 10  parts. 

Sal  ammoniac 1  part. 

Pound  them  together,  and  melt  them  in  a  crucible  into  a  clear  liquid;   pour  it 
out  on  an  iron  plate,  and  when  cold  pulverize  it  for  use. 


SHEET  IRON. 

Shffit  iron  is  made  by  rolling.  It  should  be  soft  and  tough,  its  surface  very 
smooth,  without  holes  or  thick  scales;  it  is  generally  of  a  bluish  color,  sometimes 
clouded;  the  sheet  should  be  of  regular  thickness,  elastic,  and  crackling  when 
bent  in  the  hands.  When  bent  at  a  right  angle,  there  should  be  no  appearance 
of  fracture  on  the  exterior. 

"Russia  sheet  iron  has  a  planished,  glossy  and  smooth  surface  of  gray  oxide  of 
iron  ;  it  should  be  free  from  rust  or  flaws,  and  be  very  soft  and  tough. 

The  severest  test  of  sheet  iron  consists  in  hammering  a  part  of  the  sheet  into 
a  concave  form. 

Sheet  steel,  should  have  the  same  qualities  as  sheet  iron,  with  greater  elasticity 
and  hardness  in  a  thinner  sheet. 

For  the  weight  of  sheet  iron,  see  Tables  on  pages  400  and  407. 
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SHEET  TIN. 


Sheer  tin  is  made  by  coating  sheet  iron  with  tin.  The  iron  is  fust  scoured,  or 
thoroughly  cleaned,  by  means  of  an  acid,  and  then  immersed  in  melted  tin. 
There  are  two  kinds,  called  single  tin  and  double  tin,  differing  in  thickness  and 
in  the  quantity  of  tin  with  which  the  iron  is  dbated  The  surface  of  the  sheets 
should  be  bright  and  smooth,  free  from  specks,  heads  and  blisters. 


KIND. 

SIZE. 

mi: an  THICKNESS. 

WEIGHT.. 

REMARKS. 

In. 

Wire  gauge 

In. 

Lbs. 

Single  Tin... 

10x14 

31 

0.0125 

„,    | 

There    are     usu- 
ally 22.r>  sheets 

Double  X 

10x1  1 

27 

0.01S 

0.75  J 

in  a  box. 

20x14 

27 

0.018 

1.9 

112    sheets    in    a 

box. 

A  square  of  roof  (100  square  feet)  requires  about  71  sheets  of  roofing  tin. 

Pickle  for  cleaning  Iron. — To  a  mixture  of  equal  parts  of  nitric  and  muriatic 
acids,  add  twelve  times  their  joint  volume  of  water. 

Liquor  for  Tinning  or  Soldering. — Dissolve  3  ounces  of  zinc  in  a  pint  of  mu- 
riatic acid,  letting  it  stand  in  a  warm  place  about  8  hours  J  strain  the  solution 
through  a  cotton  or  linen  cloth  ;  add  a  teaspoonful  of  pulverized  sal  ammoniac 
to  a  pint  of  the  solution,  and  let  it  boil  for  10  minutes:  when  cool  it  is  lit  for  use. 

To  Tin  Iron.  Immerse  the  iron  in  the  cleaning  pickle  ;  if  the  surface  is  rough, 
let  it  remain  In  the  pickle  about  four  hours,  or  until  all  the  scales  can  be  rubbed 
off.  Then  dip  the  iron  into  the  solution  of  zinc,  and  immediately  afterward  into 
the  melted  tin.  which  must  be  kept  a  little  above  the  melting  point.  Let  it 
remain  in  the  melted  tin  until  the  latter  has  ceased  to  be  agitated,  when  the  iron 
will  have  become  warm  enough  for  the  tin  to  adhere;  on  taking  it  out.  wipe  or 
shake  off  the  surplus  tin. 

To  Tin  Copper.  It  is  only  necessary  to  dip  the  copper  into  the  solution  of 
zinc  and  then  into  the  bath  of  tin:  or  to  clean  the  copper  with  diluted  sulphuric 
acid  before  immersing  it  in  the  tin. 

Soldering  with  Soft  Solder.  Dip  a  sponge  or  mop  into  the  solution  of  zinc 
and  pass  it  over  the  part  to  be  soldered,  before  applying  the  soldering  iron  ;  this 
will  cause  the  solder  to  (low  freely,  without  using  rosin,  or  cleaning  the  surface 
with  a  file. 
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FILES  AND  RASPS. 
List  of  Files  and  Rasps  required  for  use  at  an  Arsenal  of  Construction. 


Length. 


Width. 


Thick- 

IIC.->. 


Weight. 


1 

2 

3 

4 

5 

6 

7 

8 

«) 

10 

11 

12 

13 

11 

15 

16 

17 

18 

J 'J 

20 

21 

22 

23 

24 

25 

20 


Flat  rough  (ruffs) 

Do.     do 

Do.  bastards. . . . 
Do.  do.  . . . 
Half  round  bastards 


Do. 

Do. 
Round 

Do. 

Do. 

Do. 
Square 

Do. 

Do. 

Do. 


do. 

do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 


Flat  single  cut  (floats) 

Flat,  hand,  smooth  . . 

Do.  do. 

Do.  do. 

Do.  do. 

Half  round,  hand,  do. 

Do.  do. 

Do.  do. 

Taper,  hand  .saw. . .  . 

Flat,  shoeing  rasp. . . 
Half  round        do. 


In. 

N. 
12. 
12. 

S. 
12. 

9. 

0. 
12. 

9. 

0. 

4.5 
12. 

8. 

fi. 

4. 
12. 
12. 

9. 

8. 

4. 
12. 

9. 

6. 

4.5 
II. 
12. 


In. 

1.35 

1.17 

1.17 

0.7 

1.11 

0.85 

0.5G 


0.5 

0.32 

0.24 

0.2 

1.12 

1.16 

0.96 

0.83 

0.  II 

1.15 

0.84 

0.0 

1.5 
1.14 


In. 

0.35 

0.3 

0.3 

0.2 

0.32 

0.25 

0.2 

0.5 

0.23 

0.23 

0.10 

0.5 

0.32 

0.21 

0.2 

0.22 

0.31 

0.27 

0.2 

0.1 

0.33 

0.27 

0.18 

0.1 

0.35 

0.32 


LI 


bs 

oz. 

1 

4 

0 

15 

0 

14 

0 

5 

0 

11 

0 

54 

0 

H 

0 

84 

0 

•_> 

0 

1 

0 

i 

0 

9 

0 

3 

0 

2 

0 

J 

0 

Hi! 

1 

2 

0 

10 

0 

6 

0 

3 

0 

12 

0 

54 

0 

14 

0 

a 

1 

8 

0 

11 

Flat,  tapering 


I  edge  rounded. 
Safe  edge. 

Do. 

Do. 

Do. 


Without  tan- 


English  tiles  are  generally  used  at  the  Arsenals  and  Armories. 

Files  should  he  made  of  the  ln-st  oast  steel.  The  teeth  are  generally  cot  at  an 
angle  of  00°  with  the  eentre  line  ;  at  a  smaller  angle,  the  teeth  are  apt  to  choke, 
and  at  a  greater  angle,  they  do  not  cut. 

In  choosing  tiles,  they  should  be  examined  to  see  that  they  are  straight,  that 
they  are  free  from  cracks  and  (laws,  and  that  they  are  cut  regularly.  The  teeth 
should  not  be  turned  or  broken  by  (iling  on  iron  or  tempered  steel.  One  out  of 
eaeh  dozen  may  be  tried  on  a  pieee  of  tempered  Steel,  such  as  the  tang  of  a  file 
screwed  in  a  vice;  the  lile  should  "take"  in  its  whole  length,  both  on  the  ilat 
and  edge,  and  should  not  cut  in  drawing  back  ;  it  should  not  make  furrows,  or 
show  a   tendency  to  deviate  from  the  direction   given   to   it  by  the  hand.     The 
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quality  of  the  >teel  may  be  determined  l>y  breaking  >ome  of  the  files,  and  work- 
ing the  steel  in  l lie  forge. 

ALLOYS. 

Bronze — Gun  metal:  90  copper  and  10  tin. 

lull  met ul :  ',>•  copper  and  22  tin. 

Fine  brass:  2  copper  and  1  zinc. 

Brass  for  parts  of  small  arms  and  of  gun  carriages:  SO  copper,  11  zinc,  and  .'< 
tin. 

Sheet  brass:  ,1  copper  and  1  zinc. 

Hard  solder :  1  zinc  and  2  brass. 

Plumbers'  solder:  1  tin  and  1  lead. 

Tinners'  solder:  1  tin  and  2  lead. 

Pewtererx'  snider:  2  tin  and  1  lead. 

Fi  i'-h  r  :  1  tin  and  I  lead. 

An  nlloy  that  expands  in  cooling:  9  lead,  2  antimony  and  1  bismuth  :  useful  for 
tilling  small  cavities  in  east  iron. 

Babbit*  metal,  for  journal  boxes  :  9  tin  and  1  copper. 

STORAGE  AND  PRESERVATION  OF  METALS. 

Metals  are  stored  on  the  ground  floors  of  dry  and  well  aired  buildings,  which 
should  be  kept  open  in  fine  weather  only. 

liar  iron  and  steel,  and  pieces  rough  forged  {shapes),  divided  according  to  kind 
and  size,  on  racks,  or  standing  upright  in  frames — unserviceable  iron  and  scraps, 
in  piles  marked  with  the  weight.  Sheet  iron  and  tin,  oiled,  and  placed  on  edge, 
in  frames.      Wire,  oiled,  in  ceils,  hung  on  hooks:  arranged  according  to  kind  and 

MZC. 

Heavy  chains,  coiled  up  in  piles — Small  chains,  in  bundles  of  10  or  20.  in  boxes 
or  on  shelves. 

Finished  work,  according  to  kind,  in  piles  or  in  boxes. 

Pis;  metal,  in  square  piles  ;  the  flat  sides  lying  together. 

The  iron  and  steel  parts  of  implements,  etc.,  covered  with  a  black  varnish. 
made  of  white. varnish  and  lampblack,  for  intrenching,  and  other  heavy  tools, 
of  while  varnish  and  ivory  black,  for  polished  tools.     See  Chapter  VII. 

Artificers'  tools  and  fi les,  according  to  kind,  in  a  dry  place,  with  suitable  divis- 
ons:  1 1 1 1 ■  v  should  be  sprinkled  with  powdered  charcoal,  or  fine  quick  lime,  to 
protect  them  from  rust. 

Nails,  according  to  kind  and  size,  in  bins  or  kegs.  Anvils  and  other  heavy 
pieces,  on  skids  on  the  floor.  Every  division,  bin,  pile  and  box,  should  be 
marked  with  a  label  showing  the  character  of  the  article  contained  in  it,  its  kind. 
its  distinctive  number  or  size,  the  quantity,  weight,  etc. 
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ROPES. 


The  size  of  a  rope  is  designated  by  the  circumference  or  girth  measured  with  a 
thread  ;  thus,  a  3-inch  rope  measures  .'J  inches  round.  The  length  is  usually  ex- 
pressed in  fathoms. 

Strength.  'The  utmost  strength  of  good  hemp  rope  is  6.400  lbs.  to  the 
square  inch;  the  weight  which  it  will  hear  before  breaking  is  expressed  in  tone 
by  one-fifth  of  the  square  of  the  girth  in  inches  ;  in  practice,  a  rope  should  not  he 
subjected  to  more  than  half  this  strain.  It  stretches  from  l-7th  to  1-f'lh.  and 
its  diameter  is  diminished  from  l-7th  to  1-lth.  before  breaking.  A  difference 
in  the  quality  of  the  hemp  may  produce  a  difference  of  1-lth  in  the  strength  of 
ropes  of  the  same  size. 

White  rope  is  stronger  than  tarred  rope,  and  the  difference  is  increased  by  age 
and  service  ;  therefore  such  ropes  only  as  are  to  he  immersed  in  water  should  he 
tarred. 

The  strength  of  Manilla  rope  is  less  than  that  of  hemp  rope. 

Quality.  The  quality  of  hemp  is  in  some  measure  indicated  by  its  color: 
the  hest  is  of  a  pearl  gray  ;  the  next,  greenish  ;  then,  the  yellow  ;  a  brown  color 
indicates  the  beginning  of  decay ;  the  odor  should  be  strong,  hut  free  from  a 
musty,  tainted  smell.  It  should  be  well  combed,  pliant  and  clear  of  Stalks. 
The  yarns  should  lie  tine  spun  and  slightly  twisted  ;  they  are  from  I  to  \  of  an 
inch  in  girth.  A  rope  is  defective  when  the  yarns  are  of  unequal  sizes,  or  un- 
equally twisted;  when  it  is  fuzzy  before  being  used;  and  when  it  contains 
pieces  of  stalk,  indicating  that  the  hemp  was  not  well  combed. 

Twisting  ok  Latino.  The  number  of  yarns  in  a  strand  of  cordage  varies 
from  I(i  to  25,  and  several  strands  are  combined  or  laid,  to  form  a  large  rope.  A 
rope  is  said  to  he  twisted  ;\  or  .},  when  it  is  J  or  j  shorter  than  the  strand.  For 
artillery  service,  ropes  should  he'  twisted  \  ■ 

The  degree  of  twisting  may  be  determined  by  constructing  a  right-angled 
triangle,  the  base  of  which  is  the  circumference  of  the  rope,  and  the  height,  the 
length  of  one  revolution  of  the  strand,  measured  parallel  to  the  axis;  the  differ- 
ence between  this  height  and  the  hypolhenuse  is  the  quantity  by  which  the 
rope  is  twisted. 

SPLICING,  is  the  joining  of  two  cuds  of  rope  without  a  knot;  the  instrument 
used  for  the  purpose  is  a  marline  spike.  There  are  two  kinds  of  splice  ;  see 
Plate  19. 

Short  splire.  Untwist  from  1  to  8  inches  of  each  of  the  two  ends  of  rope,  and 
interlock  the  strands  up  to  the  close  parts  of  the  rope,  those  of  the  two  ends 
alternating;  hold  in  the  left  hand  one  end  of  rope  with  the  loose  strands  in  front, 
and  cross  each  strand  of  that  end  over  the  strand  of  the   other  end  which  is  to 
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the  left  hand  of  it;  then  by  means  of  the  marline  spike,  pass  it  under  the  same 
strand  of  the  second  end,  and  draw  firmly  on  the  strand  which  is  passed  through. 
Pursue  the  same  course  with  the  strands  of  the  second  rope.  To  increase  the 
Strength  of  the  splice,  pass  each  strand  round  the  one  on  its  left  a  second  time, 
and  cut  off  tin'  loose  ends. 

Lo)i<?  sj'licc.  For  a  rope  which  is  to  pass  through  a  pulley,  the  short  splice 
would  he  loo  thick.  Untwist  about  is  inches  of  the  two  ends,  and  interlock 
them  as  before;  untwist  a  strand  of  one  end  from  t he  (dose  part  of  the  rope  and 
replace  it  by  the  strand  of  the  other  rope  which  comes  to  hand  ;  cross  the  end  of 
the  latter  strand  over  the  one  which  is  replaced,  and  pass  it  under  the  adjacent 
strands.  Substitute,  in  this  manner,  every  other  strand  of  one  rope  by  a  strand 
of  the  other  rope,  and  cut  off  the  loose  ends. 

PRESERVATION  in  Stork.  Ropes  should  he  placed  in  the  upper  stories  of  a 
building,  coiled  up  and  labelled;  large  ropes  on  skids,  so  as  to  allow  the  circula- 
tion of  air;  small  ropes  hung  up  to  the  joists,  on  pins  or  hooks.  Ropes  should 
not  be  coiled  until  they  are  perfectly  tiry ;  they  should  be  uncoiled  every  year, 
and  stretched  out  for  several  days  at  the  beginning  of  the  dry  season. 


COAL. 

Charcoal. 

Charcoal  of  good  quality  burns  slowly  in  the  air.  without  (lame  ;  it  is  clean, 
hard,  compact,  brittle,  sonorous,  and  of  a  fine  black  color  :  its  fracture  is  shining, 
irridescent,  and  of  a.  conchoidal  form. 

When  not  perfectly  charred,  it  is  tough,  of  a  grayish  color,  and  burns  with 
a  white  (lame  and  smoke.  When  too  much  burnt,  it  is  of  a  dull  black,  soft  and 
nnelastic.  By  exposure  to  the  air,  charcoal  absorbs  from  If)  to  20  per  cent,  of 
moisture,  and  its  qualities  are  thereby  impaired;  it  should  therefore  be  kept 
under  cover. 

Charcoal  is  made  from  either  hard  or  soft  wood  ;  that  from  the  former,  such  as 
oak,  maple,  beech,  chesnut,  is  the  most  serviceable,  giving  the  greatest  quantity 
of  heat  for  an  equal  weight  of  coal. 

Making  charcoal.  For  ordinary  purposes,  wood  is  charred  in  heaps  or  stacks, 
in  the  following  manner:  Select  sound  wood;  it  may  be  burnt  immediately  after 
being  felled  ;  wood  which  has  been  exposed  for  a  year  after  felling  gives  inferior 
charcoal.  Cut  it  into  pieces  about  4  or  5  feet  long,  and  split  those  which  are 
more  than  4  inches  in  thickness. 

Level   the  ground  on  which  the  stack  is  to  be  made,  choosing  a  dry  and   shel- 
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terec!  spot.  Plant  a  stake  in  the  middle  of  the  space,  and  cover  the  bottom  of 
the  pile  with  wood  placed  in  a  direction  converging  toward  the  centre,  the  in- 
tervals being  filled  up  with  small  slicks  :  place  the  rest  of  the  wood  around  the 
stake,  the  pieces  nearly  upright  and  close  together,  in  several  tiers,  covering  ihe 
whole  with  a  layer  of  wood  placed  as  close  together  as  possible;  leave  one  or 
more  horizontal  openings  near  the  ground,  from  trie  exterior  to  the  centre. 
Cover  the  slack,  commencing  at  the  top.  with  leaves  and  a  coat  of  wet  sod  about 
4  inches  thick,  leaving  open  a  space  0  inches  high,  all  round  the  bottom,  for  the 
escape  of  the  air  and  steam. 

Draw  out  the  stake,  and  set  (ire  to  the  pile,  either  by  means  of  the  hole  bit 
by  the  stake,  or  through  the  horizontal  gallery,  which  may  have  been  previously 
filled  with  combustible  materials.  Push  the  fire  actively  until  the  (lame  comes 
o'lt  at  the  top  of  the  stack,  in  order  to  ignite  the  whole  of  the  bottom  part,  and 
to  expel  the  steam  which  would  otherwise  occasion  explosions.  Then  close  the 
hole  at  the  top.  and  cover  the  lower  part  of  the  pile,  leaving  small  openings  at 
intervals;  the  smoke  should  now  escape  equally  from  all  parts  of  the  stack, 
except  toward  the  top,  which  is  kept  closed  in  order  to  prevent  a  draught. 
When  the  stack  has  sweated  sufficiently,  increase  the  thickness  of  Ihe  coating  of 
earth;  moderate  the  fire,  and  direct  it,  by  means  of  openings  on  the  sides,  in 
such  a  maimer  that  the  combustion  may  be  equal  in  every  part,  and  that  the 
fire  may  be  always  drawn  toward  the  bottom.  Leave  the  holes  open  as  long 
as  the  smoke  is  blade  and  thick,  and  close  them  when  it  becomes  light  and  of  a 
bluish  color.  The  charring  is  completed  when  the  flame  escapes  through  the 
Openings  at  the  bottom;  then  stop  the  holes  and  cover  the  pile  well  with  earth, 
which  should  be  renewed  after  24  bonis:  extinguish  the  fire  entirely,  and  let  the 
pile  stand  12  or  24  hours  more.  Open  it  on  one  side  only;  select  the  coal,  and 
separate  what  is  imperfectly  burnt.  Wood  furnishes  in  this  way, on  an  average, 
about  10  or  17  per  cent,  of  charcoal. 

The  stack  should  be  formed  of  one  kind  of  wood  ;  if  soft  and  hard  woods 
arc  used  in  the  same  pile,  pill  the  former  on  the  outside.  Large  slacks  are 
the  most  advantageous;  as  much  as  o0  or  GO  cords  of  wood  may  be  put  into 
one. 

Pit  Coal. 

Bituminous  Coal.     There  are  two  principal  varieties: 

Open  burning  coed  kindles  quickly  and  bnrns  well,  but  produces  much  flame 

and  smoke,  and  is  soon  consumed  ;  it  lies  open  in  tli  •  lire  and  docs  not  cake. 
<  M'  ibis  kind  is  the  English  cannel  coal. 

( 'lost  burning  coal  mells  and  swells  in  the  fire  and  runs  together,  forming  what 
blacksmiths  call  a  hulluwjire,  or  a  dome  over  the  nozzle  of  the  bellows,  under 
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•which  the  iron  is  heated  equally  and  covered  from  the  air.  This  kind  of  coal 
forms  a  very  hot  fire  and  leaves  little  residuum:  it  is,  therefore,  the  most  suitable 
for  smiths'  use.  The  Newcastle  coal,  and  the  Virginia*,  Maryland,  and  Pennsyl- 
vania bituminous  coals  are  of  this  kind. 

Anthracite  Coal  is  now  extensively  used  for  the  forge  in  (ire-places  specially 
contrived  for  the  purpose.  It  ignites  with  difficulty,  and  does  not  cake  or  melt 
in  the  smallest  degree,  bill  produces  a  very  hot,  open  lire. 

Coal  is  not  injured,  but  on  the  contrary  rather  improved,  by  exposure  to  air 
and  moisture. 

Mean  Weight  of  Coal*. 


Specific 

gravity. 


Weight    of  1 
cubic  loot. 


Cubic  loot 
to  1  ton. 


Bituminous  . 
Anthracite. . 


1,355 
1,500 


Lbs. 


51.4 
53. 


13.58 
42.21 


Coke. 

Coke  is  produced  by  charring  bituminous  coal,  in  order  to  expel  the  bitumen 
and  sulphur;  this  is  usually  done  in  close  furnaces  or  ovens.  Good  coke  has  a 
dull  fracture,  is  very  porous  and  cellular;  it  gives  very  little  ashes  when  burnt: 
il.  is  injured,  like  wood  charcoal,  by  absorbing  water. 

Coal  furnishes  60  to  70  per  cent,  of  coke  by  weight ;  the  volume  being  in- 
creased 5  to  21)  per  cent. 

Coal  Tar  is  a  bituminous  product  obtained  by  the  distillation  of  coal,  in 
making  gas.  etc. 


TAR,  PITCH,  TURPENTINE. 

The  following  are  the  principal  varieties  of  products  from  resinous  trees,  such 
as  the  pine. 

Turpentine.  This  is  extracted  from  the  tree  in  warm  weather,  by  cutting  a 
deep  notch,  or  box,  near  the  base,  and  scoring  the  tree  by  scraping  off  the  bark 
above  the  box,  the  lirst  year's  running  produces  the  virgin  or  white  turpentine, 
and  the  second  year  is  nearly  as  good;  alter  thai,  the  turpentine  becomes  each 
year  darker  and  stiller,  the  Iree  yielding  less  of  what  is  called  dippings,  and  more 
scrapings;  the  latter  kind  of  turpentine  is  hard  and  yellow.  A  tree  will  bear 
tapping  II  to  16  years,  on  two  sides  alternately,  the  scoring  being  extended 
upward  from  V2  to  15  inches  each  year. 
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Spirits  Ttrpentine.  is  the  essential  oil  obtained  by  distillation  from  the  native 
turpentine. 

Rosin  or  Colophony,  is  the  residuum  of  the  distillation  of  turpentine.  Its 
quality  depends  on  that  of  the  turpentine  and  on  the  care  used  in  distillation  ; 
(he  liiK-st  quality  is  of  a  light  straw  color. 

Tar  is  obtained  from  the  heart  of  the  pine  tree,  by  smouldering,  or  a  smothered 
combustion,  effected  in  stacks,  nearly  in  the  manner  described  for  making  char- 
coal. The  tar  runs  oil"  into  trenches  dug  for  the  purpose.  Tar  is  semi-fluid, 
transparent  in  thin  portions,  and  of  a  reddish  color;  it  has  a  strong,  peculiar 
odor.  It  is  rendered  more  fluid  by  heat :  and  it  burns  with  a  bright  (lame,  leaving 
a  light  and  dry  coal.  It  is  refined  by  heating  it  in  an  iron  vessel,  and  pouring  it 
oil*,  after  it  has  been  kepi  for  some  time  in  a  liquid  state;  by  this  means,  water 
and  pyroligneous  acid  are  driven  oil*,  and  the  earthy  panicles  are  separated  by 
settling. 

It  is  used  for  coating  cordage,  and  for  wood  which  is  not  to  be  immersed  in 
water. 

Pitch  is  made  by  boiling  tar  down  to  the  requisite  consistency,  either  by  itself 
or  combined  with  a  portion  of  rosin;  it  becomes  solid  on  cooling,  but  is  soon 
softened  by  the  heat  of  the  band,  in  which  state  it  is  very  adhesive ;  when  of 
good  quality  it  is  clear  and  bard. 

It  is  used  for  coaling  wood  which  is  to  be  immersed  in  water,  and  is  applied 
hot,  with  a  mop. 

Venice  Turpentine  is  obtained  from  the  larch;  but  what  is  commonly  called 
by  that  name  is  a  compound  of  melted  rosin  ami  spirits  of  turpentine. 
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STRENGTH  AND  WEIGHT  OF  MATERIALS. 

Relative  Ductility  of  Metals. 

Gold — Silver — Platinum — Iron — Copper — Zinc — Tin — Lead. 

Relative  Malleability. 

Gold — Silver — Copper — Tin — Platinum — Lead — Zinc — Iron. 

Tenacity  of  various  Materials. 

S  represents  the  weight  required  to  break  a  rod  whose  cross  section,  a,  is  one 
square  inch,  when  pulled  in  the  direction  of  its  length;  for  rods  of  other  dimen- 
sions, the  breaking  weight  1V=S  a;  the  weight  of  the  rod  being  neglected. 
METALS.  Value  of  iS. 

Cast  steel 13  1,000  lbs. 

f  Swedish 72,000]  Experiments  of  Franklin 


Bar  iron. 


Cast    iron 


i  Salisbury,  Conn 66,000  , 

;  Belfonte,  Pa 58.500  [ 

|  English 56,000  ) 

I  Pittsfield,  Mass 07,000] 

I  Pig  metal 15,000 

I  Good,  common  castings !i0,000 

i  .  f  24.000 

[  Specimens  Irom  gun  heads. 


Institute  on  liars  whose 
cross  section  was  about 
one-fifth  of  a  square  in. 


Experiments  by  Major  W. 

Wade,  lor  the  Urdnance 

39,500  \      Department,  on    pieces 


Bronze — gun   metal. 


whose  cross  section  w; 
nearly  1  square  inch. 


Cast  steel 128,000 

J    30,000 

{    42.000 

Copper,  cast    (Lake  Superior) 24,13b  j 

Brass 1S.000 

,,  f  Wrought 34,000 

('0PPer---{Casi  .' 19,000 

Tin,  cast 4,S00 

Zinc 3,500 

Platinum 50,000 

.Silver 40,000 

Gold 30,000 

Lead 1,800 

WOODS. 

Ash 1 5,800 

Mahoganj 11 ,500 

Oa  k 11 .000 

White  pine 11.S00 

Walnut 7,700 

In  general,  the  tenacity  of  metals  is  increased  by  hammering  and  wiredrawing. 

The  strength  of  Pittslield  bar  iron,  given  in  the  above  table,  is  the  mean  of 
four  trials,  with  cylinders  1  in.  long  and  0.9  in.  diameter.  They  were  extended 
in  length,  before  fracture,  to  1.4  in.,  and  they  were  reduced  in  diameter  to  0.6  in. 
n  the  middle. 

A  bar  of  wrought  iron  is  extended  about  one-hundredth  part  of  its  length  for 
every  ton  of  strain  on  a  square  inch. 
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Transverse  Strength. 

S  =  the  weight  in  pounds  required  to  break  a  beam  1  in.  square  and  1  in.  long:, 
fixed  at  one  end  and  loaded  at  the  other;  b  the  breadth,  d  the  depth,  and  /  the 
length,  in  inches,  of  any  other  beam  of  the  same  material,  and  IFllie  weight 
which  will  cause  it  to  break,  neglecting  the  weight  of  the  beam  itself. 

1.   If  the  beam  is  supported  at  one  end  ami  loaded  at  the  other  : 

bfP 


W-- 


l 


'1.   If  the   beam    is   supported  at   one  end  anil  tin  loud  distributed  orrr   its  whole 


length  : 


W=  2  S- 


b  d' 


3.   If  the  beam  is  supported  at  both  ends  and  loaded  in  the  middli  : 

beP 

i.  J  I' the  beam  is  supported  at  both  ends  and  loaded  uniformly  over  its  whole 
length  :  I,  d- 

W=3S— 

5.  If  the  beam  is  supported  at  both  ends  and  loaded  at  the  distance  m  from  one 
end  :  /  J  ,/■< 

W=S r-= 

m  (I — m) 
Vi lines  of  the  coefficient  £,  deduced  from  Mr,  Barloio's  expt  rim*  tits. 

Good   English  bar  iron 6,150     Ash 2,02!) 

Cast  H-on 7.'.  1 1     Pitch  pine l/>32 

English  oak !  ,'200     K  iga  fir 1,128 

In  practice,  about  one-half  or  one-third  of  these  values  should  be  used,  in 
computing  the  strain  to  which  a  beam  should  he  subjected. 

Resistance  to  longitudinal  Compression. 

,S=the  weight  required  to  crush  a  bar  I  inch  square,  in  the  direction  of  its 
length.  The  area  of  the  cross  section  of  any  other  bar  being  denoted  by  u.  [he 
weight  required  to  crush  it  is  l\~=  S  a ;  the  length  of  the  bar  being  not  moie 
than  three  times,  nor  less  than  once  and  a  half,  its   breadth. 

Practical  Formula  for  computing  tin-  weight  which  a  column  will 

sustain. 

[From  Weale's  Engineers'  Pocket  Book.] 
h.       the  side  of  a  square  column,  in  inches; 
d,      the  diameter  of  a  cylindrical  column,  in  inches; 
/,       the  length  of  the  column,  in  feet; 
W,   the  weight  it  will  sustain,  in  pounds. 
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MATERIAL. 


SOI. Ill  SQVARE  COLUMN. 


SOLID  CYLINDRICAL 
COLUMN, 


Cast  iron. 


W- 


Wro  tight  iron. 


w=  — 


15300 m 

4T2  +  asp 

17S00  lb5 


Oak. 


TF= 


4£2  +  .  u\r- 
39(30  lb" 


4  /.2  -f  .  S  P 


w= 


9562  rf+ 


W- 


AcP  +  AbP 
11125  rf« 


4</*  +  .  16? 
2470  rf* 


TF= 


4  d*  +  .  5  f 


Resistance  to  Torsion. 

S  =  the  weight  in  pounds  required  to  break,  by  twisting,  a  solid  cylinder,  1 
inch  diameter;  the  weight  acting  at  the  distance  of  1  inch  from  the  axis  of  the 
cylinder;  d,  the  diameter  in  inches  of  any  other  cylinder  of  the  same  materiel; 
r.  the  distance  from  its  axis  to  the  point  where  the  breaking  weight  iris  ap- 
plied, then  : 

W=J- 

r 

Torsional  strength  of  Hollow  Cylinders. 

Practical  formula  deduced  by  Lieut.  Rodman,  Ordnance  Department,  from 
Major  Wade's  experiments. 

D,  the  exterior,  and  d,  the  interior  diameter  of  the  cylinder  in  inches;  S,  W 
and  r,  as  before. 

V*—d* 


W=S- 


D  r 


Relative  torsional  strength  of  cast   iron   shafts,  of  different  forms,  having  equal  areas 

of  cross  sections. 

From  Major  Wade's  experiments  on  shafts  whose  cross  sections  were  1,  2  and 
3  square  inches. 


SOLID  CYLINDER. 

SOLID    SQUARE. 

Hollow  cylinders,  whose  interior  and  exterior 
diameters  are  in  the  proportion  of 

4  to  10 

5  to  10  |  6  to  10 

7  to  10 

8  to  10 

1.0000 

0.S750 

1 .2656 

1.4433 

1.7000 

2.0S64 

2.7377 

36 
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Values  of  the  co-efficients  8  for  tht  strength  of  certain  metals, 

From  experiments  made  by  Major  Win.  Wade,  for  ilie  Ordnance  Department 


KIND  OF  NKTU.. 


Values  of  S. 


Cast 

IROX. 


Mean 
results. 


Common  pig  iron 

Good,  common  castings 

Gran  iron,  from  gun  heads  (Bos- 
ton and  West  Point.  IMS  &  '4'.i| 
Gun  iron,  cast  in  small  bars 

(Least  

Extremes.  |Greate8t 

Cast  Steel 

I  Begins  to  yield,  taking  a  permanent 
set 
Ultimate  strength 
Bends  and  endures  without  breaking.. 

(  Begins  to  yield,  taking  a  permanent  set.. 
Bronze.  -  Ultimate  strength 

I  Bendu  and  endures  without  breaking 

Cast  Ooppeii  (Lake  Superior),  ultimate  strength. ... 


15,000 

20, 

:;j.nui) 

34,000 

li. nun 

39,500 

12s.ni  in 

81 .000 
67,000 


nt.nuo 

■1  2.01  Ml 


6,000 
7,500 


9.500 
5,000 

11.500 

23,1 

6,500 


i!4,i:;s 


105,000 
130,000 


4n.mi(i 


116,000 


7. I 


ln.nun 


7,700 
2,300 


7.000 
7.180 

7.2S0 
7.820 

6.900 
7.724 

7.Mf. 


8.710 

S.712 


The  torsional    strains,  which   the   wrought  iron    and   bronze  endured  without 
breaking,  twisted  the  cylinders  about  100°. 

Weight  and  Strength  of  Iron  Chains. 


Diam.  of 

iron  for  the 

links. 


In. 

0.1875 

0.25 

0.3125 

0.375 

0.1375 

0.5 

u.5025 

0.625 

0.6875 

0.75 

0.8125 

0.875 

0.9375 

1. 


Weight  of 
1  foot  of 

chain. 


Break  in'. 

weight. 


Proof 
weight. 


Lbs. 

0.325 
0.65 
0.967 
1.383 

1.707 
2.633 
3.333 
4.217 
4.833 
5.75 
6.667 
7.5 
9.333 
10.817 


Lbs. 

2,240 
4,256 

0,720 

9,634 

13.210 

17,248 

21,728 
26,380 
32.704 
38^752 

45,696 
51,744 
58.404 
65,632 


Lbs. 

'.Ms 

1,680 

2,464 

3,584 

5,152 

6,720 

8,512 

10,304 

12,544 

15,232 

17.090 

20,384 

23,520 

26,880 


Extracted  from  r  table  furnished 
by  Col.  Denison,  for  the  Aide 
Alcinoire  of  Military  Sciences. 

The  proof  weights  are  computed 
at  the  rate  of  420  lbs.  to  one- 
eighth  of  an  inch  diameter  of  the 
iron  for  the  links. 
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Weight  and  Strength  of  Hemp  and  Iron  Wire  Ropes. 


HEMP  ROPE. 

IRON  WIRE  ROPE. 

Hawser-laid 

3  s 

rands. 

Cabl 

e-laid. 

C  ire  um- 

Circum- 
ference. 

Weight 

of  1  foot. 

Breaking 

lo  re  nee. 

weight. 

Weight 

Breaking 

Weight 

Breaking 

of  1  foot. 

weight. 

of  1  foot. 

weight. 

In. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

In. 

Lbs. 

Lbs. 

0.7f) 

0.028 

291 

0.75 

0.070 

2,240 

1. 

0.038 

560 

1. 

0.125 

3,360 

1.5 

0.087 

1,120 

1.5 

0.280 

6,100 

2. 

0.153 

2.016 

2.375 

0.G80 

1 5.080 

2.5 

0.23S 

3.136 



2.625 

0.860 

16,800 

3. 

0.343 

4,256 

0.301 

3,67 1 

3.125 

1 .230 

21.520 

3.5 

0.467 

5,824 

0.122 

4,480 

3.75 

1.770 

30,2  1 1 

4. 

0.612 

7,616 

0.552 

0.440 

4.125 

2.140 

44,800 

4.5 

0.773 

9,425 

0.697 

8,154 

5. 

0.955 

11.872 

0.862 

1 0,060 

5.5 

L.155 

14,336 

1.042 

12,1  S3 

6. 

1.375 

17.011 

1  .240 

14.515 

G.5 

1.C13 

19,936 

1.455 

17,024 

7. 

1.872 

23,072 

1  .687 

19.712 

7.5 

2.148 

20,432 

1.928 

22,400 

8. 

2.445 

30,016 

2.138 

25,805 

5.5 

2. 700 

34,048 

2.613 

29,120 

9. 

3.095 

38,080 

2.S50 

32,000 

9.5 

3.533 

42,336 

3. 088 

36,378 

10. 

3.822 

44,800 

3.327 

40,320 

The  above  table  is  taken  chiefly  from  the  "Aide  Me  mo  ire  to  the  Military 
Sciences."  The  breaking  weights  of  the  hawser-laid  rope  are  a  good  deal  below 
the  results  obtained  with  ropes  of  the  same  sizes  at  Woolwich  Dockyard;  but 
the  lowest  results  have  been  taken  in  preference.  The  wire  rope  was  made  by 
Kuper  &  Co. 
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CHAT.    XIV. MATKRIAI.S. 


Weight  of 

one  foot 

in 

length  of  Flat  and 

•s 

uare  Bar  Iron. 

Width. 

Thick- 

Weight.   Width. 

Thick- 

Weight. 

Width. 

Thick- 

Weight. 

ness. 

ness. 

ness. 

In. 

In. 

Lbs. 

In. 

In. 

Lbs. 

In. 

In. 

U.S. 

0.25 

0.25 

0.21 

1.375 

1. 

4.02 

2. 

1 . 1  25 

7 . 5(5 

0.3 

0.3 

0.03 

1.125 

5.19 

1.25 

s.40 

0.375 

0.375 

0.47 

1.25 

5.77 

1.375 

9.24 

0.5 

0.1-25 

0.21 

1 .375 

0.35 

1.5 

10. OS 

0.1875 

0.31 

1 

5 

0.125 

0.G3 

1.75 

11.76 

0.25 

0.42 

0.1875 

0.94 

2. 

13.11 

0.375 

0.03 

0.25 

1.20 

2 

25 

0.125 

0.94 

0.5 

0.S4 

0.375 

1.89 

0.1875 

1.41 

o!e25 

0.G25 

1.34 

0.5 

2.52 

0.25 

1.89 

0 . 75 

0.125 

0.31 

0.G25 

3.15 

0.375 

2.83 

0.1875 

0.47 

0.75 

3.78 

o..-. 

3.78 

0.25 

0.03 

0.875 

4.41 

0.625 

4.72 

0.375 

0.91 

1. 

5.04 

0.75 

5.00 

0.5 

1.2(5 

1.125 

5.67 

0.875 

6.61 

0.625 

1.57 

1  ,25 

0.30 

1. 

7.56 

0.75 

1.S9 

1.5 

7.5G 

1.125 

8.50 

0.875 

0.875 

2.57 

1 

G25 

0.125 

0.68 

1.25 

9.45 

1. 

0 . 1 25 

0.  12 

0.25 

1.36 

1.375 

10.30 

0.1875 

0.63 

0.5 

2.73 

1.5 

11.31 

0.25 

0.84 

0.75 

4.20 

1.75 

13.22 

0.375 

1.20 

1. 

5.46 

o. 

15.12 

0.5 

1.08 

1.G25 

s.s7 

2.25 

17.01 

0.625 

2.10 

1 

75 

0 . 1 25 

0.73 

2 

5 

0.125 

1.05 

0.75 

2.52 

0.1875 

1.10 

0.1875 

1.57 

0.875 
1. 

2.94 
3.36 

0.25 
0.375 

1.17 
2.20 

0.25 
0.375 

2.10 
3.15 

l!l25 

1.125 

4.25 

0.5 

2.94 

0.5 

1.20 

1.25 

0.125 

0.52 

0.ii25 

3.07 

0.025 

5.25 

0.1875 

0.78 

0.75 

1.11 

0.75 

0.30 

0.25 

1.05 

0.&75 

5 . 1  1 

0.875 

7 .  35 

0.375 

1.57 

1. 

5.87 

1. 

8.40 

0.5 

2.10 

1.125 

6.60 

1.125 

0.55 

0.(525 

2.62 

1  .25 

7.35 

1.25 

10.50 

0.75 

3.15 

1.375 

8.07 

1.5 

12.  GO 

0.875 

3.G7 

1.5 

3.80 

1.75 

14.70 

1. 

1.2D 

1  .  75 

10.20 

2. 

10.80 

1.125 

4.72 

1 

S75 

1  .875 

11.81 

2.5 

2). 

1.25 

5.25 

2 

0.125 

0.84 

2 

75 

0.125 

1.15 

1.375 

0.125 

0.57 

0.1875 

1.26 

0 .  1  S75 

1.73 

0.1875 

0.8(5 

0.25 

1.68 

0.25 

2.31 

0.25 

1.15 

0.375 

2.52 

0.375 

3.  10 

0.375 

1.73 

0.5 

3.3G 

0.5 

4.62 

0.5 

2.31 

0.(525 

•1.20 

0.025 

5.77 

0.625 

2.88 

0.75 

5.04 

0.75 

6.93 

0.75 

3.46 

0.875 

5.88 

0.875 

8.08    • 

0.675 

4.04 

1- 

G.72 

1- 

9.24 

WEIGHT    OF    BAR    IRON. 
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Flat  and  Square  B<tr  Iron — Continued. 


w 

.,.,      Tbick- 

idth. 

Weight.     Width. 

Thick- 

Weight. 

Width.    Thick- 

Weight. 

DeSS. 

i 

ness. 

ness. 

] 

it.            In. 

II 
Lbs.          In. 

In. 

Lbs. 

In.             In. 

Lbs. 

g 

75           1.125 

10.39 

3.5 

0.375 

4.  11 

4 

3. 

40.32 

1.25 

11.55 

0.5 

5.8S 

3.5 

47.04 

1.5 

13.86 

7.35 

4. 

53.76 

2. 

Is.  Is 

0.75 

8.83 

1 

25          0.125 

1.78 

2.5 

23.10 

0.875 

10.29 

0.25 

3.57 

2.75 

25 . 1 1 

1. 

1  1  .  76 

0.375 

5.35 

3 

0.125 

1 .26 

1.25 

14.70 

0.5 

7.14 

0.1875 

1  .89 

1.5 

17.64 

1. 

1  1.28 

0.25 

2.52 

2. 

23.52 

4.25 

60.69 

0.375 

3 .  7s 

2.5 

29.  10 

1 

5            0.125 

1.89 

0.5 

5.04 

3. 

35. 2S 

0.25 

3.7s 

0.625 

6.30 

3.5 

41.16 

0.375 

5.66 

0.75 

7.50 

3 

75 

0.125 

1 .  57 

0.5 

7.56 

0.S75 

0.1875 

2.36 

1. 

15.12 

1. 

10.08 

0.25 

3.15 

4.5 

1.125 

11.34 

0.375 

4.72 

1 

75          0.125 

2. 

1.25 

12.60 

0.5 

6.30 

0.25 

4. 

1.5 

15.12 

.'.-.' 

7.^7 

0.375 

6. 

2. 

20.16 

0.75 

9.15 

0.5 

7.98 

2.5 

25.20 

0.S75 

11  .02 

1. 

15.96 

3. 

30.24 

1. 

12.60 

4.75 

75.81 

3 

25          0.125 

1.36 

1.25 

15.75 

5 

0.125 

2.10 

0.1S75 

2.04 

1.5 

18.90 

0.25 

4.20 

0.25 

2.73 

2. 

25.20 

0.375 

6.30 

0.375 

4.09 

2.5 

31.50 

0.5 

8.40 

0.5 

5.46 

3. 

37.80 

1. 

10.80 

0.625 

6.82 

3.75 

4  7.2.') 

5. 

84. 

0.7.-) 

K19 

4 

0.125 

1.68 

5 

25          0.25 

4.41 

0.875 

9.55 

0.1875 

2.52 

1. 

17.64 

1. 

10.92 

0.25 

3.36 

5 

5            0.25 

4.62 

L.125 

12.23 

0.375 

5.04 

1. 

18.48 

1.25 

13.6.3 

O.f. 

6.72 

5 

75          0.25 

1.83 

1.5 

16. 3S 

0.625 

8.40 

1. 

19.32 

2. 

21.84 

0.75 

10. OS 

6 

0.25 

5.04 

2.5 

27.39 

0.875 

11.76 

1. 

20.16 

3. 

32.71 

1. 

13.44 

6. 

120.96 

3.25 

35.5 

1.25 

16.80 

6 

5            0.25 

5.46 

3 

5           0.125 

1.47 

1.5 

20.18 

1. 

21.84 

0.1875 

2.20 

•i. 

26.88 

6.5 

1  12. 

0.25 

2.94 

2.5 

33.65 

7 

7. 

164.64 
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Weight  of  one  foot  in  length  of  Round  Bar  Iron. 

Diam. 

Weight. 

Diam. 

Weight. 

Diam. 

Weight. 

Diam. 

Weight. 

In. 

Lbs. 

In. 

Lbs. 

1 

In. 

Lbs. 

In. 

Lbs. 

0.15 

0.059 

1.625 

6.91 

3.25 

27.65 

4 .  75 

59.06 

0.2 

0.105 

1.75 

8.01 

3.375 

29.82 

4.875 

02.21 

0.25 

0.163 

1.875 

9.2 

3.5 

32.07 

5. 

65.  15 

0.375 

0.368 

2. 

111.17 

3. 025 

34.4 

5 . 1 26 

68.76 

0.5 

0.05-1 

2.125 

11.82 

3.75 

36.81 

5.25 

72.10 

0.625 

1.02 

2.25 

13.25 

3.875 

39.31 

5.375 

75.03 

0.75 

1.17 

2.375 

1  1.76 

■1. 

ii.  sy 

5.5 

79.19 

0.875 

2, 

2.5 

1.6.36 

■1.125 

44.54 

5.025 

82.83 

1. 

2.61 

2.625 

18.03 

4.25 

47.28 

5.75 

8fr.56 

1.125 

3.31 

2.75 

19.79 

4.375 

50.11 

5.875 

90.36 

1.25 

4.09 

2.S75 

21.63 

4.5 

53.01 

0. 

94.25 

1.375 

4.91 

3. 

23.56 

4.G25 

56. 

6.1S5 

100. 

1.5 

5.VJ 

3.125 

25.50 

Weight  of  one  square  foot  of  rolled  Iron  Plate. 


Thick- 

n  ess. 


Weight. 


Thick- 
ness. 


Weight. 


Thick 

li>  !8S. 


Weieht. 


Thick 

lH'SS. 


Weight. 


III. 

Lbs. 

In. 

Lbs. 

In. 

Lbs. 

In. 

Lbs. 

0.01 

0.406 

0.06 

2.134 

0.1 

4.057 

0.6 

24.344 

0.02 

0.M1 

0.07 

2.  MO 

0.2 

8.114 

0.7 

28.401 

0.03 

1.217 

0.08 

3.  J  10 

0.3 

12.172 

0.8 

32.458 

o.oi 

1.623 

0.09 

3.651 

0.1 

16.232 

0.9 

36.516 

0.05 

■j.o-jo 

0.10 

1.057 

0.5 

20. ->6 

1. 

40.573 

Multipliers  for  finding  the   Weights  of  other  Metals,  from  the  three  preceding   Tables. 


Metals. 


Multipliers. 


Metals 


.Multipliers. 


Platinum,  laminated  . . 
Platinum,  purified 
Pure  gold,  hammered  . 

Pure  gold,  cast 

Lead 

I  'hi  i-  silver,  hammered 

Pure  silver,  cast 

( lopper,  wire 

Copper,  hammered. . . . 


2.846 

2.503 
2.486 
2.47 

1  .  157 
1.350 
1.314 
1.136 
1.132 


Copper,  cast  . 
Brass,  wire  . . 
Brass,  cast  . .  . 

Steel 

Iron,  wrought 
Iron,  cast  . . . 

Pewter 

Tin,  cast 


1.128 

1.098 

1  .080 

1.003 

1. 

0.925 

0.900 

0.937 
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Weight  of  one  square  foot  of  va'rious  Metals. 


WEIGHT. 

• 

THICKNESS. 

Wrought  Iron. 

Cast   Iron. 

Copper. 

Brass. 

Lead. 

III. 

Lbs. 

Lbs. 

Lbs! 

Lbs. 

Lbs. 

0.0625 

2.535 

2.3  15 

2.860 

2.738 

3.693 

0.125 

5.070 

4.690 

5.720 

5.476 

7.386 

0.1S75 

7.605 

7.1135 

>..rMI 

8.214 

11.079 

0.25 

10.140 

9.380 

1 1.440 

10.952 

14.772 

0.3125 

12.675 

1 1  .  725 

11.300 

13.690 

IS. 4 65 

0.375 

15.216 

14.670 

17.160 

16.428 

22.158 

0.1375 

17.851 

16.415 

20.020 

19.166 

25.851 

0.5 

20.280 

IS. 760 

22.880 

21.904 

29.544 

0.5625 

22.815 

21.105 

25.71(1 

21.012 

33.237 

0.625 

25.350 

23.450 

28.000 

27.380 

36.930 

0.6615 

27.8S5 

25.795 

31.010 

30.118 

40.623 

0.75 

30.110 

28.140 

34.320 

32.856 

44.316 

0.6125 

32.945 

30.1^5 

37.180 

35.594 

48.009 

0.875 

35.480 

32.880 

1(1.040 

3S.332 

51.702 

0.9375 

38.015 

35.225 

42.000 

11.170 

55.405 

1. 

40.550 

37.570 

45.760 

43.908 

59.098 

Table  of  equivalent  Vulgar  and  Decimal  Fractions. 


Vulgar. 

Decimal. 

Vulvar. 

Decimal. 

1 

0.0625 

9 
1  (J 

0.5G25 

1 
5 

0.125 

5 

8 

0.625 

3 

IS 

0.1875 

J  ti 

0.6875 

1 

4 

0.25 

3 
4 

0.75 

S 
1  0 

0.3125 

1  3 
1  (J 

0.8125 

3 

6 

0.37.3 

i 

0.875 

7 
]  5 

0.4375 

II 

0.9875 

J 

0.5 

408 
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Weight  of  1  foot  in 

ength  of  Cast  Iron  Pipes  of  different  thick 

DIAM.  OK  l:  ii:». 

J  Inch. 

'&  inch. 

A  in  eh. 

\  inch. 

i  inch. 

I  inch. 

1  inch. 

III. 

LbS. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

1 

3.06 

5.00 

7.36 

'.'.'.'7 

12.89 

10.11 

19.63 

1] 

3.0s 

5.93 

8.59 

11.51 

1  1.73 

is.  2.-) 

22.09 

li 

4.29 

0.9 

9.82 

13.04 

Lfl.56 

20.  1 

2 1.54 

1* 

4.91 

7. S3 

11.05 

1  1.57 

18.  11 

27. 

2 

5.53 

8.75 

12.27 

16.11 

20.25 

21.7 

29.  IS 

2i 

6.14 

9.00 

13.5 

17.04 

22.09 

20,.  si 

31.85 

24 

6.74 

10.58 

14.72 

19.17 

23.92 

23.93 

34.36 

23 

7.36 

11.5 

15.95 

20.7 

2.').  71 

31.14 

36.81 

3 

7.9S 

12.43 

17. is 

22.19 

27.62 

33.29 

39.28 

3i 

8.59 

13.34 

IS.  35 

23.7ft 

29.  15 

35.44 

41.72 

34 

9.2 

1  1.21 

19.04 

25.31 

31.3 

37. 5S 

44.18 

33 

9.76 

15.19 

20.86 

26.85 

33.13 

39.73 

46.63 

4 

10.11 

16.11 

22.1 

28.38 

34.98 

II  .88 

49.1 

4| 

li.l 

17. OS 

23.37 

29.97 

36.87 

II. OS 

51.6 

4  * 

11.66 

17.94 

2  1.54 

31.44 

3S.  0.5 

46.17 

54. 

4$ 

12.27 

18:87 

25.77 

32.98 

40.5 

48.32 

56. 43 

5 

12.80 

19.78 

20. 9'.' 

34.51 

42.33 

50.46 

59. 

5* 

13.5 

20.71 

28.23 

36.05 

44.18 

52.62 

01.30 

5A 

11.11 

21.03 

29.45 

37.58 

40.02 

54.76 

63.81 

5$ 

14.73 

22 .  55 

30. lis 

39.12 

47.86 

56.91 

66.27 

6 

15.34 

23.47 

31.91 

40.65 

49.7 

59.06 

0,s.  73 

•it 

15.95 

24.39 

33.13 

12.18 

51.54 

01.21 

72. 

64 

16.57 

25.31 

34.36 

43.72 

53.39 

63.36 

73.41 

68 

17. IS 

26.23 

35.59 

45.26 

55.23 

65.28 

76.1 

7 

17.70 

27.15 

36.82 

46.79 

56.84 

67.65 

7S.53 

7i 

In. 11 

28.08 

38.05 

48.1 

58.91 

69.79 

81. 

74 

19.03 

29. 

39.05 

49.86 

00.71 

71.95 

83.45 

li 

19.64 

29. 09 

40.5 

5 1 .  38 

02.. V.i 

71.09 

sii. 

8 

20.02 

30..83 

4  1.71 

52.92 

64.42 

70,.  23 

SS.35 

84 

20.86 

31.74 

42.95 

54.45 

00.20, 

78.38 

90.81 

84 

21.69 

32.9 

44.4 

56.21 

68.33 

BO. 76 

93.  19 

$3 

2  2. 09 

33.59 

45.4 

57.52 

69.95 

82.68 

95.72 

9 

22.71 

34.52 

46.64 

59.07 

71. S 

s  l .  S  | 

98.18 

'.'1 

23.31 

35.  13 

4  7.  SO 

60.59 

73.63 

86.97 

100.63 

'.»'. 

23.93 

36.36 

49.09 

62.13 

75.47 

89.13 

103.1 

98 

24.55 

37.28 

50.32 

63.66 

77.32 

91  .23 

105.54 

10 

25.16 

3s.  2 

5 1 .  .ri  I 

85.2 

79.10 

93.  12 

108. 

l"l 

25.77 

39.11 

52.77 

66.73 

so.  99 

95.57 

110.44 

104 

26.38 

40.04 

54 . 

os.  26 

82.84 

97.71 

113. 

108 

27. 

40.96 

56.22 

69.8 

si.  07 

99.86 

115.35 

n 

27.62 

41.88 

56.  10 

71.33 

86.52 

102.0  1 

117. SI 

M  ! 

28.22 

42.8 

57.67 

72.  SO, 

88.35 

104.15 

120.26 

114 

28.84 

43.71 

58.9 

74.39 

90.19 

106.3 

122.71 

113 

29.  15 

44.64 

60.13 

75.93 

92.04 

ins.  15 

125.18 

12 

30.00 

45.55 

01.35 

77.40 

93.0 

110.6 

127.6 

WEIGHT    OF    MATERIALS. 
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Specific  Gravities. 


Weight 
of  1  cu- 
bic inch. 


Antimony,  cast 

Braes,  cast 

Bronze,  gun  metal  . . 

Copper,  cast 

( tapper,  wire 

Gold,  east 

Gold,  hammered. . . . 

Iron.  liar 

Iron,  cast 

Lead,  cast 

Mercury,  at  32° 

Mercury,  at  60° 

Platinum,  rolled 
Platinum,  hammered 

Silver,  cast 

[Silver,  hammered  . .  . 

Steel,  soft 

Steel,    hardened    and 

tempered 

Tin.  cast 

Zinc,  cast 

Amber 

Beeswax 

Bricks 

Borax 

Camphor 

Chalk 

Charcoal 

Charcoal,  triturated . 

Clay 

Coal, bituminous, Eng 

Diamond 

Earth,  common 

Gunpowder,  loose  . . 
Gunpowder,  shaken. 

Gunpowder,  solid     \ 

Gypsum 

Ice 

Ivory  

Limestone 

Lime,  quick 

Marble,  Parian 

Marble,  common. . . . 


6,712 

S,39ti 

8,700 

8.7S8 

8,878 

19.258 

19.301 

7.7ns 

7. ','07 

I  i  352 

L3  598 

13,580 

22,009 

20,337 

10,171 

10,511 

7,833 

7,818 
7  293 
6,861 

1,078 
965 

1.900 
1.71  I 

989 
2,78-1 

111 
1,380 
1,930 
1,270 
3,52 1 
1,500 

900 
1,000 
1  ,550 
1,800 
•J.  his 

930 
1 ,822 
3.180 

Nil 
2.83s 
2,GaG 


Lbs. 

0.2428 
0.3037 
0.3147 
0.3179 
0.321 1 
0.6966 
0.7003 
0.2817 
0.2607 
0.4106 
().  1918 
ii.  1912 
0.7982 
0 . 7356 
0.3788 
0.3806 
0.2833 

0.282S 
0.2637 
0.2482 

0.0390 
0.0349 
0.0690 
0.0620 
0.0358 
0.1007 
0.0160 
0.0499 
0.0700 
0.0460 
0.1 ','74 
0.0543 
0.0326 
0.0362 
0.0561 
0.0652 
0.0784 
0.0336 
0.0659 
0.1150 
0.0291 
0.1027 
0.0972 


Salt,  common 

Saltpetre 

Sand 

Slate 

Stone,  common 

Sulphur,  native 

Tallow 

Wood  (dry),  Apple.  . 

Ash 

Beech  

Box 

Cedar 

Cherry 

Cork    

Cypress 

Elm 

Fir 

Lignum  vitas  . 
Mahogany. .  .  . 

Maple 

Oak,  English  . 
Oak.  do.  heart, 
60  years  old. 
Pine,  yellow .  . 
Pine,  while  .  . 

Poplar 

Walnut 

f  Ash 

Beech 

Cherry 

Cypress 

11  ickory.  red. . .  . 
Mnhogany      (St. 
Domingo  . ■ ... 
-{  Oak,   white  (Up- 
land)   

Oak,  white 

(James  river). 
Pine,  yellow. . . . 
Pine,  white 
Poplar  (Tulip 
tree) 


I 


Water 


2  L30 

2,090 

1,800 

2,672 

2,520 

2,033 

945 

793 

845 

852 

912 

596 

715 

240 

G44 

671 

700 

1.333 

854 

7.ri0 

932 

1.170 
660 
554 
383 
671 
722 
624 
606 
Ill 
638 

720 

687 

7-r)9 
541 
473 

587 

1,000 


Lbs. 

0.0774 
0.075(5 
0.0652 
0.0959 
0.0911 
0.0735 
0.0342 
0.0287 
0.030G 
0.0308 
0.0330 
0.0216 
0.0259 
0.0087 
0.0233 
0.0243 
0.0253 
0.0482 
0.0309 
0.0271 
0.0337 

0.0423 
0.0239 
0.0200 
0.0139 
0.0243 
0.02G1 
0.0226 
o.O'.' 19 
0.01  CO 
0.0303 

0.0260 

0.0248 

0.0275 
0.0196 

0.0171 

0.0212 
0.03G2 
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Specific  Gravities — Continued. 


LIQUIDS. 


Specific 1 
gravity,  i 


ELASTIC  FLUIDS. 


Specific 
gravity. 


Acid,  nitric 

Acid,  sulphuric 

Alcohol,  absolute 

Ether,  sulphuric 

Oil,  linseed 

Oil,  olive 

Oil.  essential,  of  turpentine 

Oil.  whale 

Turpentine,  liquid 

Water,  distilled 

Water,  sea 

Wine 


1.217 

1,841 

792 

71 S 

940 

915 

870 

923 

991 

1,000 

1,026 

992 


Air,  atmospheric 

A  mmoniacal  gas 

Azote 

<  larbonic  acid 

Carburetted  hydrogen 

Chlorine 

( Ihloro  carbonic i 

Hydrogen  

Oxygen 

Phosphuretted  hydrogen  .... 

Sulphuretted  hydrogen  , 

Sulphurous  acid 

Vapor  of  alcohol 

Vapor  of  spirits  of  turpentine* 
Vapor  of  sulphuric  ether. . . . 
Vapor  of  water 


0011 

597 
976 

52 1 
555 

170 

389 

70 

101 

S70 
,777 
,120 
,613 
013 
,586 
623 


The  weight  of  dry  atmospheric  air  at  the  temperature  of  32°,  the  barometer 
being  at  30  in.,  is  l-770th  of  that  of  distilled  water. 

The  weight  of  a  cubic  foot  of  distilied  water  at  tin  maximum  density;  being 
nearly  1,000  ounces  avoirdupois,  the  specific  gravity  of  a  solid  or  liquid  body 
expresses  the  weight  of  a  cubic  foot,  in  ounces;  therefore  the  weight  of  such  a 
body  in  ounces  will  be  found  by  multiplying  its  contents  in  cubic  feel  by  its 
specific  gravity. 

According  to  -Air.  Lfassler's  comparisons,  the  weight  of  a  cubic, foot  of  water 
at  its  maximum  density,  the  barometer  being  at  30  in.,  is  998.069  02. 

According  to  the  British  imperial  standards,  the  weight  of  a  cubjc  foot  of  water, 
at  02°,  the  barometer  being  at  30  in.,  is  997.136  oz.;  this  would  give  for  the  cubic 
foot  of  water,  at  the  maximum  density.  998.224  oz. 

By  the  investigations  of  Prof.  It.  S.  McCulloch,  the  maximum  density  of  watei 
is  at  the  temperature  of  39°.6  Fahr.  ;  this  agrees  very  nearly  with  Mr.  Haseler'i 
determination  of  the  maximum  density,  39°.83. 

For  a  table  of  the  density  of  water  at  different  temperature,  see  Ciiaptek  XV. 


Chapter   Fifteenth 


MISCELLANEOUS    INFORMATION. 

WEIGHTS  AND  MEASURES. 

Measures  of  Length. 


Inches. 


12 

36 

19S 

79-20 

G3360 


Feet. 


Yards. 


Rods    or 

Poles. 


Furlongs. 


1 
3 

164 
660 
5280 


l 

54 
220 
1760 


1 

40 

320 


Mile. 


1 


The  inch  was  formerly  divided  into  three  parts,  called  barleycorns,  and  also 
into  12  parts  called  lines,  neither  of  which  denominations  is  now  in  common  use. 
Scales  and  measuring  rules  are  generally  divided  into  inches,  quarters,  eighths  and 
sixteenths  ;  or  into  inches  and  decimal  parts  ;  the  latter  of  these  divisions  is  used 
in  the  Ordnance  Department. 

For  surveying  laud:  7.92  Inches  =  1  link  I  Gunter's 

J00  Links  =  4  poles,  or  22  yards,  or  66  feet.      J    chain. 
For  map  making  :  Chains  are  often  made  of  50  links,  each  1  foot  in  length. 
For  measuring  ropes  and  soundings  :   1  Fathom  =  6  feet. 

1  Cable's  length  =  120  fathoms. 
For  measuring  cloth  :   1  Nail  =  2J  inches  =  l-lt3th  of  a  yard. 
1  Quarter  =  4  nails. 
1  Yard  =  4  quarters. 
I  Ell  English  =  5  quarters. 
For  measuring  horses :  1  Hand  =4  inches. 
Geographical  measure  :  1  Degree  of  a  great  circle  of  the  earth  =00.77  miles. 

1  Geographical  or  nautical  mile  =  1  -COth  of  a  degree  ol 

the  earth  =  2025  yards. 
1  Nautical  league  =  3  miles. 
A  standard  measure  has  been  adopted  for  the  United  States,  copies  of  which 
are  distributed  to  various  parts  of  the  country,  for  the  purpose  of  establishing  a 
uniform  system.  This  standard  is  measured  on  a  brass  bar  and  copied  from  the 
British  standard  yard.  For  the  proportion  which  it  bears  to  the  French  metre, 
see  below. 
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Foreign  Measures  of  Length. 

Great  Britain. — The  Imperial  Btandard  yard  of  Great  Britain,  adopted  in 
LS25,  is  referred  to  a  natural  standard,  which  is  i ho  distance  between  the  axis  ol 
suspension    and  the  centre  of  oscillation    of  a  pendulum   which    shall   vibrate 

second*  in  vacuo,  in  London,  at  the  level  of  the  sea;  that  distance  measured  on 
a  brass    rod,  at    the    temperature   of  G'2°    Fahr..  is   declared  to  be   39.1393  i,ii„,i,,l 


France. —  Old  system  .- 

1  Point  =    0.0074 

1  Line     =  12  points  =    0.08884 

1  Inch      =  12  lines  =     1.06577 

1  Fool     =  12  inches  =  12.7892 

1  Ell        =  13  in.  10  lines  =  16.716 


English  inches. 


=  1.293  yd. 
=  2.13:2    " 


1  Toise  =    6  feet  =  70.735 

1  Perch  (Paris)  =  18  feet. 

1   Perch    (royal)  =  22     " 

1  League  (common),  25  to  a  degree  =2280  toises  =  4SG1  yds.  =  2.7G 
miles. 

1  League  (post)  =2000  toises  =  4264  yds.  =  2.42  miles. 

1  Fathom  [Brass)  =  5  feet  French  =  63.946  inches,  or  5J  feet  Eng- 
lish nearly. 

1  Cable  length  =  100  toises  =  120  fathoms  Fahr.,  =  1005  fathoms 
English. 

1  Pace  (pas)  =  3  metre  =  26.5  in  nearly. 


Table  for  reducing  <>i<!  French  Measures  to  English. 


French 
leet 


English 
inches. 


Fr.  feel 

or  inch. 


English  feet 

or  inches. 


French 

lines. 


English 

inches. 


French 
points. 


English 
inches. 


7 
8 

9 
10 

i  I 


12.7S92 

25.5784 

38.3670 

51  .1568 

63.9460 

76.7352 

89.5244 

102. 31  3D 

115.1028 

127.8920 

! 10.6812 


1 

1.0G5S 

1 

2 

2.1315 

2 

3 

3.1973 

3 

4 

4.2631 

4 

5 

.r)..'i'.'ss 

5 

6 

6.3946 

6 

7 

7.4604 

7 

8 

8.5261 

8 

9 

9.5919 

9 

10 

10.6577 

10 

11 

11.7234 

11 

0.0888 
0.1770 
0.2664 
0.3553 
0.4441 
0.5329 

n.-i2i7 

(1.7105 
0.7993 
0.8881 

0.9770 


1 

0.0074 

•2 

0.0148 

3 

0.0222 

4 

0.0296 

5 

0.0370 

0 

0.0444 

7 

0.0518 

8  • 

0.0592 

9 

0.0666 

10 

0.0740 

11 

0.0814 

FOREIGN    MEASURES    OF    LENGTH. 
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New  French  System. — The  basis  of  the  new  French  system  of  measures  is 
the  measure  ol  a  meridian  of  the  earth,  a  quadrant  of  which  is  10,000.000 
•metres,  measured  at  the  temperature  of  32°  Fahr.  The  multiples  and  divisions 
of  it  are  decimal,  viz  :  1  metre  =  10  decimetres  =  100  centimetres  =  1,000  mil- 
limetres =  39.3707971  English  inches,  or  3.2^09  feet. 

Road  measure.  Myriaitietre  =  10,000  metres.  Kilometre  =  1,000  metres 
Decametre  =  10  metres.     Metre  a  0.51317  toise. 


TABLE  FOR  REDUCING  .METRES  TO  INCHES. 
According  to  Capt.  Rater's  comparison,  1  metre  =39.37079  English  inches. 


Metres. 

Inches. 

Metres. 

Inches. 

Metres. 

Inches. 

Metres. 

Indies. 

0.001 

0.039371 

0.02r, 

l ,023641 

0.051 

2.007910 

0.070 

2.992180 

o 

0.078742 

•27 

t .06301 1 

52 

2.047281 

77 

3.031551 

3 

0.118112 

2S 

1.102382 

53 

2.086652 

78 

3.070922 

4 

0.157483 

29 

1.111 753 

54 

2.i26023 

79 

3.110292 

5 

0.196854 

0.030 

1.181124 

55 

2.105393 

0.080 

3.149663 

6 

0.236225 

31 

1.220494 

56 

2.204764 

SI 

3.159034 

7 

0.275596 

32 

1 .259865 

57 

2.244135 

S2 

3.228405 

s 

0.31  1966 

33 

L.299236 

58 

2.283506 

S3 

3.267776 

9 

0.354337 

34 

1.338607 

59 

2.322877 

84 

3.307140 

0.010 

0.393708 

35 

I. 37797b 

0.000 

2.362247 

U5 

3.346517 

11 

0.433078 

36 

1.417348 

(31 

2.401618 

86 

3.3*5588 

12 

0.472449 

37 

1.456719 

62 

2. 1 10989 

87 

3.425259 

13 

0.511820 

38 

1  .496090 

G3 

2.480358 

88 

3.464630 

14 

0.551  mi 

39 

L. 535461 

HI 

2.5 19731 

--'.i 

3.51)4000 

15 

0.590562 

0.040 

1 .574832 

65 

2.559101 

11.090 

3.543371 

16 

0.629933 

41 

1.614202 

66 

2.598472 

91 

3.582742 

17 

0.669303 

42 

1.653573 

67 

92 

3.02:113 

IS 

0.708674 

43 

1.692944 

68 

2.677214 

93 

3.661483 

19 

0.748045 

J  4 

1.732315 

69 

2.716585 

94 

3.700854 

0.020 

0.787416 

45 

1.771686 

0.070 

2.755955 

95 

3.710225 

21 

0.826787 

46 

1 .811056 

71 

2.795320 

90 

3.779.V..', 

22 

0.866157 

17 

1.850427 

72 

2.834697 

97 

3.81S967 

23 

0.905528 

4S 

L.85979S 

73 

2.874068 

9>5 

3.858337 

24 

0.944899 

49 

1. 9291 IV.  I 

71 

2.913435 

99 

3.897708 

25 

0.984270 

0.050 

l .968540 

75 

2.952809 

0.100 

3.93707'.' 

English. 

Austria.- — 1  Foot  =  12.445  English  inches  =  1.0371  feet. 

1  Mile  =  4.000  toi.-es  =  5  miles  nearly. 

Prussia.—  1  Rhineland  foot  =  12.3557  English  inches  =  1.0290  feet. 

.  1  Mile  =  8.552  yards,  English        =  5  miles  nearly. 

Russia.—   1  Foot  =21.1874  English  inches  =  1.7656  feet. 

For  the  artillery,  the  English  foot  and  inch  are  used. 
1  Verst  =  2,000  Russian  feet  =  1,177  yards. 
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Spain.—     1  Foot  =  11.1284  English  inches. 

1  Vara  =  3  feet  =  0.9274  English  yard. 

1  League  Royal      =  25,000  Spanish  feet  =  l\  miles,  nearly. 

1  Common  league  =  19,800  Spanish  feet  =  3i  miles,  nearly. 

1  Judicial  league  =  15,000  Spanish  feet  =  2jf  miles,  nearly. 
Mexico. —  1  Common  league  =  15,0)0  Spanish  feet  =  2J  miles,  nenrly. 
Sweden. — 1  Foot  =  11.6865  English  inches. 

Measures  of  Surface 

Square  measure.     144  Square  inches  =  1  square  foot. 

9  Square  leet  =  1  sqare  yard. 
Land  measure.     30.J-  Square  yards  =  1  square  perch  or  pole. 
40    Perches  =  1  rood. 
100    Perches  =  4  roods  =  1  acre  =  10  square  chains.     (Gun- 

ter's)  =  4,840  square  yards  =  70  yards  square  nearly. 
610  acres  =  1  square  mile. 

French  Superficial  Measures. 

Old  system.     1  Square  inch  =  1.13587  English  square  inch. 

1  Arpent  (Paris)  =   100  square   perches   (Paris)  or  900   square 

toises  =  4,0sS  square  yards,  or  5-iiihs  of  an  acre,  nearly. 
1  Arpent  (woodland)  =  100  square  perches  (royal)  =  6,10S  square 
yards,  or  1  acre,  1  rood,  1  perch. 
New,  or  Decimal  system.     1  Are  =  100  square  metres  =  119.603  square  yards. 
1  Decare  =  10  ares.     1  Eiecatare  =  100  ares. 

Measures  of  Solidity. 

Cubi<-  or  Solid  measure.     1  Cubic  foot  =  1,728  cubic  inches. 

1  Cubic  yard  =  466,56  cubic  inches  =  27  cubic  feet. 
Measuring  Hone.     In  different  parts  of  the  United  States  the  perch  of  stone  de- 
notes a  different  quantity,  but  it  is  usually  24$  cubic  feet. 

Measuring  wood.     1  Cord  is  a  prism  1  ft,  square  and  S  ft.  long  =  128  cubic  ft. 

i 

French  Solid  Measures. 

1  Cubic  inch  =  1.2106  cubic  inch,  English. 
1  Cubic  foot  —  2091.85  cubic  inches,  English. 
1  Cubic  decimetre  =  61.0271  cubic  inches,  English. 

1  Stere  =  1  cubic  metre  =  61027.1   cubic  inch  =  35.3166  cubic  feet  =  1.30S 
cubic  yard. 
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Measures  of  Capacity. 
Liquid  Measure. 


Gills. 

Tint:-. 

Quarts. 

Gallons. 

4 

8 

32 

1 
2 

8 

1 
4 

1 

The  standard  gallon  of  the  United  States  is  the  old  wine  gallon,  which  meas- 
ures 231  cubic  inches,  and  contains  (as  determined  by  Mr.  Hassler),  5S373  troy 
grains,  or  8.3386822  avoirdupois  pounds,  of  distilled  water  at  the  maximum 
density  (39°.83  Fabr.);  the  barometer  being  at  30  inches. 

A  cubic  foot  contains  7.48  gallons. 

A  box  6  X  6  X  6.42  inches  contains  1  gallon. 

A  box  4  X  4  X  3.(31  inches  contains  1  quart. 


Dry  Measure. 


Pints. 

Quarts. 

Gallons. 

Pecks. 

Bushels. 

2 

1 

S 

4 

1 

1(3 

S 

o 

1 

04 

32 

8 

4 

1 

■  contains  1  bushel. 


The  standard  bushel  of  the  United  Slates  is  the  Winchester  bushel,  which 
measures  2150.4  cubic  inches,  and  contains  543391.S9  troy  grains,  or  77.G27413 
lbs.  avoirdupois,  of  distilled  water,  under  the  circumstances  above  stated. 

A  cubic  yard  contains  21.69  bushels. 

A  cylinder  14  in.  diam.  X  14  in.  deep  ) 

Or  a  box      10  X     16.S   X    »  inches     j 

A  box  12  X      1 12   X    S  inches         contains  i  bushel. 

A  box  8  X       8.4   X    8  inches         contains  1  peck. 

N.  B. — It  will  be  observed  that  the  pint,  quart  and  gallon  of  dry  measure,  are 
not  the  same  as  for  liquid  measure. 
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Foreign  Measures  of  Capacity. 

Great  Britain. — The  British  imperial  gallon  measures  277.274  cubic  inches, 
containing  (en  pounds  avoirdupois  of  distilled  water,  weighed  in  air,  al  the  tem- 
perature of  62°,  (lie  barometer  being  at  30  in.  The  same  measure  is  used  for 
liquids  as  lor  dry  goods  which  are  not  measured  by  heaped  measure;  for  1  lie 
latter,  the  bushel  is  to  be  heaped  in  the  form  of  a  cone  not  less  than  6  inches 
high,  the  base  being  l'.H  inches.  The  old  distinctions  ol  wine  measure,  ale  and 
beer  measure,  and  dry  measure  are  discontinued. 

For  grain.     8  bushels  =  1  quarter  =  10.209  cubic  feet. 
5  quarters  =  1  load        =  51.317  cubic  feet. 
For  con/  or  heaped  measure.    1  sack  =  3  bushels   =  4.89  cubic  feet  nearly. 

1  chaldron  =    12  sacks  =36  bushels  =  58.68  cubic  feet. 
For  timber.     1  load  =    -10  cubic  feet. 
Forma-  nine  i/ol/on  =  231  cubic  inches. 
Former  ale  gallon     =  282  cubic  inches. 
Imperial  gallon  =277.274  cubic  inches  (as  above). 

France. — 1  Litre     =  cubic  decimetre  =  61.0271   cubic  inches  =-=  1.057  U.  S. 
quart  =  1.761  imperial  pint  of  Great  Britain. 
1  Boisseau    =  13  litres  =  793.364  cubic  inches  =  4.4344  U.  S.  gals. 
1  Pinte  =  0  931  litre  =  56.816  cubic  inches  =  0.9S3S3  U.  S.  quart. 
Spain. — 1  Wine  arroba  =  4.2155  U.  S.  gallons. 

1  Fanega  (Corn  measure),  =  1.593  U.  S.  bushel. 


Measures  of    Weight. 
Avoirdupois  \Veight. 


Drams. 

(  Miners. 

Pounds. 

( Quarters. 

Cwt. 

Ton. 

16 

1 

25G 

L6 

1 

7168 

448 

28 

1 

28672 

1792 

112 

4 

1 

5734  11) 

35840 

2240 

80 

20 

1 

The  standard  avoirdupois  pound  of  the  United  States,  as  determined  by  Mr. 
I  busier,  is  the  weight  of  27.7015  cubic  inches  of  distilled  water  weighed  in  air, 
at  the  temperature  of  the  maximum  density  (39°. S3) ;  the  barometer  being  at  30 
inches. 
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Troy  Weight. 


Grains. 

Dwt. 

Ounce. 

Pound. 

24              I                      1 
180                             20                               1 
5760                            240                              12                                   1 

The  pound,  ounce  and  grain  are  the  same  in  apothecaries' and  troy  weight; 
in  the  former  the  ounce  is  divided  into  s  drachms,  the  drachm  into  3  scruples, 
and  the  scruple  into  20  grains. 

7000    Troy  grains  1  II).     Avoirdupois. 

175  Troy  pounds  =  111  lbs.  Avoirdupois. 
175  Troy  ounces  =  192  oz.  Avoirdupois. 
437J   Troy  graiUS     =       1  OZ.    Avoirdupois. 


Foreign  Weights. 

Great   Britain.     The    imperial   avoirdupois  pound   is   the   weight    of 
cubic  inches  of  distilled  water  weighed  in  air.  with  brass  weights,  at  the  temper- 
ature of  62°  Fahr. ;  barometer  30  inches.     Therefore, 

1  cubic  inch  of  distilled  water  at  62°  weighs  252.458  grains. 
0.003961  cubic  inch  weighs  1  grain. 
22.S156b9  cubic  inches  weigh  1  troy  pound* 
Horseman's  weight i   1  stone  =  14  pounds. 

France.     Old  system.       1  Livre        16  onces  1.0780  1b.  avoirdupois. 

I  Once  S  gros      =    1.0780  oz.  do 

1  Gros    =  72  grains  =  58.9548  grains  troy. 

1  Grain =    0.8188  do. 

New  system.  The  basis  of  the  system  of  weights  is  the  weight,  in  vacuo,  of  a 
litre,  or  a  cubic  decimetre  of  distilled  water,  at  the  temperature  of  3'J°.2  Fahr.; 
l-1000th  part  of  this  weight  is  a  gramme,  the  multiples  of  which  are:  1  deca- 
gramme =  10  grammes:  1  hectogramme  =■  100  grammes:  l  kilogramme  = 
1,000  grammes.  The  divisions  arc:  1  decigramme  =  1-lOtli  gramme  :  1  centi- 
gramme =  l-100th  gramme:  1  milligramme  =  l-1000th  gramme. 
1  Quintal   =     100  kilogrammes. 

1  Millier    =  1,000  kilogrammes  =  1  ton  sea  weight  (French). 
1  Kilogramme  =  2.204737  pounds  avoirdupois. 
1  Gramme        15.4331 59 grains  troy  =  0.03528  oz.  avoirdupois. 
1  Pound  avoirdupois  =  0.4535685  kilogramme. 
1  Pound  troy  =  0.3732223  kilogramme. 
Spain.  1  Pound  =  1.0152  pound  avoirdupois. 

Sweden.    1  Pound  =  0  0376       "  " 

Austria.    1  Pound  =  1.2351       "  " 

Prussia.     1  Pound  =  1.0333       "  " 
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Measures  of  Value. 

All  calculations  of  value  in  the  military  service  of  the  United  States  are  ex- 
pressed \n  dollars  and  cents,  although  the  denominations  of  shillings  and  pence 
arc  still  in  common  use  as  a  nominal  currency  in  many  of  the  States. 

The  standard  of  gold  and  silccr  is  900  parts  of  pure  metal  and  100  of  alloy,  in 
1000  parts  of  coin.  The  alloy  of  gold  coin  is  25  silver  and  75  copper  ;  the  alloy 
of  silver  is  copper. 

Weight  of  Dollar 4 12.5  grains  troy  j  0(her  coins  jn 

cent!:::::::::::.:::::::::::io8       «    j  v™^™- 

Relative  Mint  Value  of  United  States  and  Foreign  Coins. 

Great  Britain.  .1  Guinea  =  2]  shilling* =  5.05'.)  dollars. 

1  Sovereign,  or  1   pound  =  20  shillings =  4.845 

1  Crown  =  5  shillings =  1.08 

1  Shilling  =  12  pence =  0.217 

1  Penny =  0.013 

France 5  Francs =  0.932 

1  Franc  =  20  sous =  0.185 

1  Sous ==  0.0093 

Spain 1  Doubloon,  or  1  ounce =  15.57 

Austria 1  Ducat =  2  275 

1  Crown,  or  rix  dollar =  0.97 

20  Kreutzers =  0.16 

Prussia 1  Double  Frederick =  8.00 

1  Thaler =  0.G93 

Russia 1  Half-Imperial  =  5  roubles =  3.961 

1  Rouble =  0.75 

Sweden 1  Ducat =  2.2t>7 

1  Specie  daler ....  =  1.042 

Turkey 20  Piastres =  0.82 

DIMENSIONS  OP  DRAWING  PAPER. 

Demy 1  foot     7J -inches  X  1  foot    3£  inches. 

Medium I 

Royal 2 

Super   royal 2 

Imperial 2 

Elephant 2 

Columbior 2 

Atlas 2 

Double  elephant 3 

Antiquarian. 4 


10 

'       X  1 

'      0 

0 

'       X  1 

'      7 

3 

'       X  1 

'      7 

5 

'       X  1 

'      9J 

3J       ' 

'       X  1     ' 

'    10i 

93 

1       X  1     ' 

1    11 

9 

X  2     ' 

1       2 

4         ' 

X  2     ' 

'       2 

4         "       X  2     "       7 
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Working  Power  of  Men  and  Horses. 

Men.     Afoot  soldier  travels  in  1  minute,  in  common  time,    90  steps  =    70  yds. 

In  quick  time,       110  steps  =    a6  yds. 

In  double  quick,   1  10  steps  =  109  yds. 

He   occupies   in  the  ranks  a  front  of  20  in.,  and  a  depth  of  13  in.,  without  the 

knapsack  ;  t Fie  interval  between  the  ranks  is  13  in.     5  men  can  stand  in  a  space 

of  1  square  yard.     Average  weight  of  men,  150  lbs.  each. 

A  man  travels,  without  a  load,  on  level  ground,  during  Si  hours  a  day,  at  the 
rate  of  3.7  miles  an  hour,  or  31  \  miles  a  day.  He  can  carry  1 11  lbs.,  1 1  miles  in 
a  day.  A  porter  going  short  distances  and  returning  unloaded,  carries  135  lbs.,  7 
miles  a  day.     He  can  carry  in  a  wheelbarrow  ISO  lbs..  10  n.iles  a  day. 

The  maximum  power  of  a  strong  man,  exerted  for  2\  minutes,  may  be  stated 
at  18,000  lbs.  raised  1  foot  in  a  minute. — Mr.  Field's  experiments.  183S. 

A  man  of  ordinary  strength  exerts  a  force  of  30  lbs.  for  10  hours  a  day,  with 
a  velocity  of  2£  feel  in  a  second  =  4 ,500  lbs.  raised  1  foot  in  a  minute  =  one-fifth 
the  work  of  a  horse. 

Daily  allowance  of  water  for  a  man,  1  gallon,  for  all  purposes. 

Horses.  A  horse  travels  the  distance  of  400  yards,  at  a  walk,  in  \\  minutes; 
at  a  trot,  in  2  minutes;  at  a  gallop,  in  1  minute. 

He  occupies  in  the  ranks  a  front  of  40  in.,  a  depth  of  10  feet :  in  a  stall,  from 
3£  to  4*  feet  front ;  at  picket,  3  feet  by  9.  Average  weight  of  horses,  1000  lbs. 
each. 

A  horse  carrying  a  soldier  and  his  equipments  (say  225  lbs.),  travels  25  miles 
in  a  day  (8  hours). 

A  pack  horse  can  carry  250  to  300  lbs.,  20  miles  a  day. 

A.  draught  horse  can  draw  1,000  lbs.  23  miles  a  day  ;  weight  of  carriage  in- 
cluded. 

Artillery  horses  should  not  be  made  to  draw  more  than  700  lbs.  each,  the  weight 
of  the  carriage  included. 

The  ordinary  work  of  a  horse  for  8  hours  a  day  may  be  stated  at  22,500  lbs. 
raised  1  foot  in  a  minute. 

In  a  horse  mill,  the  horse  moves  at  the  rate  of  3  feet  in  a  second.  The  diame- 
ter of  the  path  should  not  be  less  than  25  or  30  feet. 

Daily  allowance  of  water  for  a  horse,  4  gallons. 

Forage.     Hay,  pressed  in  bundles:  11  lbs.  to  the  cubic  foot. 

Oats  :  40  lbs.  to  the  bushel,  or  32. 11  lbs.  to  the  cubic  foot. 
Wheat :  60  lbs.  to  the  bushel,  or  4S.21  lbs.  to  the  cubic  foot. 
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A  hirst  power  in  steam  engines,  is  estimated  at  33,000  lbs.  raised  1  foot  in  a 
minute;  but  as  a  horse  can  exert  that  force  but  6  limn--  a  day,  one  steam  borse 
power  is  equivalent  to  that  of  1  borses. 

The  number  of  horse-powers,  in  a  single  stroke  engine,  is  expressed  by 
.0000238  //•  a  )>  I ;  d  being  the  diameter  of  the  piston  in  inches,  n  the  number  of 
strokes  in  a  minute,  /  the  length  of  stroke  in  feet,  and  ;>  the  pressure  of  steam  on 
a  square  inch  (diminished  usually  l>y  L-5th  for  friction  and  inertia).  In  a  double 
stroke  engine  the  power  is  double  the  above. 

Electricity. 
Relative  Conducting  Power  of  Metals. 


Copper 10.000 

Gold 

Silver 7.3fiU 

Zinc 2  850 

Plati n 1,880 


lnm 

Ti 

Lead 

Mercury.. 
Potassium 


,1.580 

l.'.'o 
.  .53  ' 
..345 


The  conducting  power  of  rods  of  the  sa metal  of  equal  dia  ?,  is  in- 

versely as  their  lengths;  of  rods  of  equal  lengths,  it  is  proportional  to  tl 
and  not  to  the  surface. 

The  conducting  power  is  increased  by  lowering  perature,  and  dimin- 

ished and  finally  destroyed  by  raising  the  temperature. 

The  metals  are  infinitely  belter  conductors  than  anj  other  substances. 
coal  which  has  been  exposed  to  a  strong  heat   is  one  of  the  best  conduct    - 
greatly  inferior  in  this  respect  to  \von  and  platinum. 

Heat. 
Thermometers. 


FIXED  POINTS. 

Fa  lire  II  hell. 

Reaumer. 

' 

32° 

0° 

S|,0 

(1° 

100° 

The  zero  of  Wedgewood'a   pyrometer  corresponds  with  1077°  Fahr.,  and  1° 
Wedgewood  is  equal  to   130°  Fahr.     Hence   for  converting  ft  im  i  ne  - 

another,  F°  =       *     +  32°  =        *     +  32°  =  T^0  X  130°  -+-  1077. 
5  4 

Note. — The  indications  of  Wedgewood's  pyrometer  are  no  longer  relied  on  for 
high  temperatures. 
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Relative  Conducting  Power. 


Gold 10,000 

Platinum 9.M0 

Silver 

Copper 

Iron 

Zinc 


Tin 3.039 

Lead 1.798 

Marble 238 

Porcelain L2B 

Brick  clay 114 


Relative  Radiating  Power, 


Water UK) 

Lampblack LOO 

Glass 90 

Silver 12 

Lead,  bright I'.' 


Tin,  blackened 100 

Tm,  bright 13 

Ice 65 

Iron,  polished 15 

Cupper 12 


Relative  Specific  Seat,  of  equal  weights. 


Water 10  000 

Sulphur 1,180 

Glass 1.77  ) 

Iron I  ,000 

Copper 919 

Zme 927 


Silver .r'.r>7 

Tin .r»)5 

Mercury 330 

Platinum 314 

Gold 298 

Lead 293 


Relative  Capacity  for  Seat,  of  equal  weights. 


Water 100 

Glass 187 

Iron 126 

Brass 116 

Copper Ill 


Zinc 

SHver 

Tin 

Gold 

Lead 43 


.102 

..(30 
..50 


The  capacity  Cur  caloric  increases  with  the  temperature,  ami  diminishes  as  the 
density  ol  the  body  increases.  Air  reduced  rapidly  to  one-fifth  of  its  volume 
evolve*  heat  enough  to  set  lire  to  Under. 


Latent  Heal. 


Fluids. 


Ice 

S.  Iphur. 
Li  ad... 
Beeswaj 
Zinc. . . . 


.  1  10° 
.III 

.10.' 

.  i  75 
.  193 


Vapors. 

Steam 000° 

Vinegar 875 

Ammonia 860 

Alcohol 442 

Ether 302 
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Expansion  by  Heat. 


Roman  cement 0.00144 

Marble,  Sicilian 0.001  II 

Marble,  Carrara 0.001i9 

Sandstone 0.00117 

Stale 0.00104 

Granite 0  00080 

Glass,  flint. 0.00083 

Briek.  stock 0  00055 

Brick,  fire 0.00049 

Marble,  black  Galway 0  00045 

Oak,  dry u.OOOOO 


Linear  Expansion  of  Solids,  from  32°  to  212°. 

Zinc 0.00296 

Lead 0-00285 

Tin,  refined 0.(1(1217 

Silver,  fine 0.00215 

Brass 0.00 1 00 

Copper 0.00 1  72 

Gold 0.00 1 50 

Steel,  tempered 0.001  19 

Iron,  8oft,  hammered 0.00121 

Iron,  cast 0.001 11 

Steel,  not  tempered 0.0010S 

Plalinun 0.00086 

The  expansion  in  surface  is  expressed  by  numbers  double  of  the  above,  and 
the  expansion  in  volume  by  triple,  numbers. 

Expansion  of  Fluids  in  bulk,  from  32°  to  212°. 

Mercury 0.01808      I      Sulphuric  acid 0.058S2 

Water,  distilled 0.04330  Oil  (olive  and  linseed) 0.08333 

Water,  saturated  with  salt. .  .0.05000  Spirits  turpentine 0.071 13 

Alcohol 0.11000  Gases,  and  air 0.375O0 

The  rate  of  expansion  of  solids  and   liquids  increases  with  the  temperature; 
that  of  the  gases  is  uniform  for  all  temperatures. 

Linear  Expansion  of  Solids  (according  to  Danicll). 


LINEAR   EXPANSION   FROM   02°. 


To  212°.      To  662°. 


I  To  meliiiii 
point. 


Temperature 
of  melting 
point. 


Black  lead  ware  . . 
Wedgewood  ware 

Platinum 

Wrought  iron 

Cast  iron 

Gold 

Copper 

Silver 

Brass  (zinc  J ) 
Bronze  (tin   }).... 

Zinc 

Lead 


Tin 

Pewter  (tin  l-5th). 


1.000244 

1 


U00735 
1  .oo.)7:{.r) 
i  .000934 
I .000893 
1.001025 
1 .001430 
l .001626 
1.001787 
l .001541 
1 .002480 
1.00232." 
1 .001472 
1 .001696 


.000703 
.002995 
.002995 
.004483 

.003!)  13 
.001231 
.0063 1 7 
.006*86 
.007207 
.00705.3 
,00!>527 


1.009026 

1.01837b 
0.016389 


1.024376 

1  .020(110 
I  .021  Ml 

I .016336 
1.012621 

1.009072 
I .003798 

1.003770 


Fahrenheit. 

3280° 

3280 

27*0 

2010 

1996 

1873 

1800 

1500 
740 
(512* 
442* 
403 


^Experiments  of  Franklin  Institute. 

3280°  was  the  highest  heat  attained  with  an  air  furnace.  Platinum  does  not 
melt  at  this  temperature,  but  undergoes  a  change,  which  renders  it  unfit  for  fur- 
ther use  in  Daniell's  pyrometer. 
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Density  of  Water  at  different  Temperatures. 

From  a  report  made  to  Professor  A.  D.  Bache,  by  Professor  R.  S.  McCulloch, 

December.  IS49. 


Temperature. 

Density. 

Temperature. 

Density. 

Fahr. 

Fahr. 

20° 

99001 

G5° 

99863 

25 

99944 

70 

99807 

30 

99984 

75 

99741 

35 

99999 

SO 

99666 

•40 

1,00000 

85 

99581 

45 

99993 

90 

99487 

50 

99975 

95 

993S3 

55 

99947 

100 

99270 

f>0 

99910 

Melting  Points  of  Solids. 

Platinum,  palladium,  rhodium,  lime,  silrx,  fine  porcelain,  can  be  melted  in  small 
quantities  by  means  of  strong  lenses,  or  of  the  hydro-oxygen  blow  pipe. 

Iron  red  hot,  in  daylight,  1077°  Fah. ;  in  the  dark,  752°. 

Wrought  iron  melts 3,280°  Fahr. 

Cast  iron 2.7S*> 

Gold 2,016 

Silver 1.873 

Copper 1.996 

Brass 1 .900 

Fl int  g lass 2,377 

Antimony 809 

Zinc ". 746 

Saltpetre 660 

Lea d 6 1 2  ) 

Bismuth..' 506     c  •  r 

I",-,,  .  .  aa'j  \  Experiments  of 

f  Lead'  2,  tin  I  (common  Voider')! .' ! .".!!"'.!'.'. !  475  I      CommiUee  ol 

I  Lead  I,  tin  I. 393  1      trl,e  .FrankI,» 

Alloys -J  Lead  1,  tin  2  (soft  solder) 360  |       lllslltute- 

|  Lead   I,  tin  I.  bismuth  1 272  J 

[Lead  2,  tin  3,  bismuth  5 212 

Sulphur 220 

Beeswax,  bleached 155 

Do.         common 148 

Tallow 127 

Gunpowder  explodes 600 
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Freezing  Points  of  Pi<|tii<ls. 


Strong  wines. 
Sulphuric  aei< 

Brandy 

Mercury  .... 
Nitric  an. I. . . 


Olive  oil 36°  Fahr. 

Water 32 

Milk 30 

Vinegar 28 

Spirits  of  mi  pentine 1 » "» 

Boiling  Points  of  Liquids.     |  Bar.  30  in.) 

Sulphuric  ether fls°  j  Phosphorus 

A  mi  mi m;  a llii    i  Spirits  turpentine  

Alcohol 1  "I     I  Sulphur 


20°  Fahr. 

I 

—  7 


Sulphuric  arid . 
Linseed  ml ... . 
M  ercury 


.554° 

..ri60 

.570 

.500 

.600 

.(»G0 


Water,  ami  essential  oils 212 

Wain-,  saturated  with   salt 

Nitric  acid 'J  Is 

Liquids  boil  at  a  much  lower  temperature  in  vacuo,  or  under  diminished  pres- 
sure of  the  atmosphere.  At  the  altitude  of  about  17,500  teei  above  the  sea, 
where  the  barometer  stands  at  15.35  in.,  water  boils  at  ISO0. 

Frigorific  Mixtures. 

Nitrate  of  ammonia  L,  water  lj  thermometer  falls  from. ...50°  to        1° 

Sulph.  soda  8,  muriatic  acid  5 &0°  to        0° 

Phosphate  of  soda  9.  nitrate  of  ammonia  6,  diluted  nitric 

acid  1 50°  to— 21° 

Com salt  1 .  snow  or  ice  2 .  .32°  to  —  4° 

Crysi.  chloride  of  lime  3,  snow  2 32°  lo  —50° 

Seating  Power  of  Different  Combustibles. 

The  calorific  ii nil  is  the  quantity  of  beat  required  to  raise  1°  the  temperature 
of  a  weight  of  water  equal  to  that  of  the  combustible  used. 

The  following  table  gives  the  quantity  of  water  which  would  be  heated  from 
32°  to  til'-'0  by  an   equal  weight  of  several  Kinds  o|   fuel,  supposing  no  heat  to  lie 

lost. 

Hydrogen 234 

Olive  oil I"D 

Tallow 75 

Pit  coal,  coke,  or  good  charcoal 70 

Wood,  perfectly  dry  (mean) ;i'> 

W I,  I- 1  year  after  felling;  turf 26 

The  heating  power  of  different  kinds  of  wood  (taking  equal  weights)  does  not 
vary  more  than  in  the  proportion  of  1 -'i  to  1  I,  lor  the  extremes. 

Nearly  six  times  as  much  heat  is  required  to  evaporate  a  given  quantity  of 
water  as  is  required  to  raise  its  temperature  to  the  boiling  point;  dividing  the 
tl  ive  numbers  by  6,  we  have  therefore  the  quantity  of  water  which  each  kind 
of  fuel  v  iil  eva porate. 

In  e\en  the  Lest  apparatus,  not  more  than  half  the  heat  produced  by  the  com- 
bustion of  fuel  is  economized. 
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Elastic  Force  of  Steam  a1  Different  Temperatures. 

[From  experiments  of  Committee  of  Franklin  Institute] 
The  unit  is  the  atmospheric  pressure,  or  1  atmosphere  =  30  inches  of  mercury. 


Temp.     Press. 


Temp.  [  Press.     Temp. 


Press. 


Temp. 


Press. 


Temp. 


Press. 


2 1 2 

1 

275 

3 

304  J 

5 

326 

7 

345 

p 

235 

H 

2M 

3J 

310 

ra 

!     331 

71 

:il'.i 

91 

250 

•J 

2911 

1 

3151 

6 

8 

3521 

10 

201 

21 

4i 

.'{■.' 1 

61 

31(1} 

8.V 

Strength  of  Ice. 

Ice  2  inches  thick  will  hear  infantry, 
lee  4  inches  thick  will  bear  cavalry  or  lipht  puns. 
Ice  6  inches  thick  will  bear  heavy  field  puns. 

[ceS  inches  thick  will  bear  24-pdr.  gun,  on  sledges;  weight  not  more  than 
1,000  lbs.  to  a  square  foot. 

I",  locity  of  Sound. 

At  the  temperature  of  33°  the  mean  velocity  of  sound  is  1,100  feet  in  a  second. 
It  is  increased  or  diminished  half  afoot  for  each  degree  of  temperature  above  or 
below  33°. 

Velocity  and  Force  of  the  Wind. 


VELOCITY. 

Pressure  on 

In  1  hour. 

In  1  second. 

1  square  foot. 

Miles. 

Feet. 

Lbs. 

1 

1.47 

0.005 

2 

2.93 

.020  ) 
.04  1  [ 

3 

4.40 

4 

5.S7 

.079  1 
.123} 

5 

7.33 

10 

14.67 

.492  1 

1.107  ) 

15 

22.00 

20 

29.34 

1.968  l 

25 

36.67 

3.07.r>  | 

30 

44.01 

4.429  I 

35 

51.34 

fi.0-,'7  | 

40 

58.68 

7.873  1 
9.963  i 

45 

66.01 

50 

73.35 

L2.300 

60 

8S.02 

17.715 

so 

117.36 

31  .490 

100 

i  Hi. 70 

49.200 

Common  designations  of  the  force  of 
i be  winds. 


Hardly  perceptible. 
Just  perceptible. 

Gentle,  pleasant  wind. 

Pleasant,  brisk  breeze. 

Very  brisk. 

High  wind. 

Very  high. 

A  storm  or  tempest. 
A  g  real  storm. 
A  hurricane. 

A  hurricane  that  tears  up  trees,  car- 
ries buildings  before  it,  etc. 
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Mrdsumitfitt  of  ILiijlds  In/  means  of  the  Barometer. 

1.  X=  00315.51  [1  +.00111111  (T  +  T— 64)] 

x  L°z-  §X  r+".oooT-(7=?]  x  <!  +  -002695  cos- 2  L-> 

X  is  the  required  difference  of  height,  in  feet: 

T,  the  temperature  of  the  air,  in  degrees  of  Fahrenheit;  ~) 

t.  the  temperature  of  mercury,  >  at  the  lower  station. 

//.  the  height  of  mercury,  J 

X",  the  temperature  of  the  air,  "J 

t'.  the  temperature  of  mercury,  I  at  the  upper  station. 

//'  the  height  of  mercury,  J 

L,  the  latitude  of  the  place. 

2.  Neglecting  the  corrections  for  the  latitude  of  the  place  and  for  the  difference 
between  the  temperature  of  the  air  and  that  of  the  mercury  in  the  barometers  at 
the  two  stations,  the  difference  of  height,  in   feet,  may  be  expressed  approxi- 

71 

mately  by  Ar=  67.0505  (7T+  T  +  836)  X  Log.  — . 

3.  Approximate  rule:  For  a  mean  temperature  of  55°  the  difference  of  height 

77—77' 
in  feet  is,  X=  55,000  X  jj  i  ftf     Add   l-140th  of  this    result    for   each    degree 

which  the  mean  temperature  of  the  air  at  the  two  stations  exceeds  55°,  and  de- 
duct as  much  for  each  degree  below  55°. 

The  average  quantity  of  water  which  falls  in  rain  and  snow  at  Philadelphia  is 
'M'>  inches  in  a  year. 

Limits  of  vegetation,  in  the  Temperate  Zone.  The  vine  ceases  to  grow  at  the 
height  of  about  2,300  feet  above  the  level  of  the  sea;  Indian  corn,  2,800;  oak, 
3,350;  walnut,  3,600;  ash,  4,800  j  yellow  pine,  6.200 ;  fir,  0,700. 

Perpetual  Snow.  Under  the  equator,  at  15,800  feet  above  the  level  of  the  sea  : 
in  latitude  45°,  at  8,400;  in  latitude  65°,  at  5,000. 

Declination  of  the  Magnetic  Needle.     At  London in  15S0. .  .11°  5'  E. 

1657..   0      0 
1832.. 21°  17'  W. 

1844..  23°  15'  W. 

At  West  Point,  N.  Y.,  1837..   6°  44'  30"  W. 
1849..  7°  20'  39"  W. 

Dip  of  the  Needle.     London 1S44 69° 

"West  Point 1849 73°  21' 
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Force  of  Gravity. 

Motion  of  Falling  Bodies:  Let  /  be  the  time  of  descent  in  seconds,  of  a  body 
falling  freely,  in  vacuo;  h,  the  space  described  in  the  time  t ;  v,  the  velocity 
acquired  at  the  end  of  that  time,  and  g  the  velocity  acquired  at  the  end  of  one 
second  of  time  ;  then: 

h  =  i  g  t2 ;  v  =  gt  =  \/2gh 

The  velocity  g,  which  is  the  measure  of  the  force  of  gravity,  varies  with  the 
latitude  of  the  place,  and  with  its  altitude  above  the  level  of  the  sea. 

The  force  of  gravity  at  the  latitude  of  45°  =  32.1S03  feet;  at  any  other  lati- 
tude L;  g  =  32.1S03  feet— 0.0S21  cos.  2  L.  If  °'  represents  the  force  of  gravity 
at  the  height  h  above  the  sea,  and  r  the  radius  of  the  earth,  the  force   of  gravity 

5  h 

at  the  level  ol  the  sea  will  be  g  =  g'  (1  -\ ). 

4  r 

\a  the  latitude  of  London,  at  the  level  of  the  sea,  g  =  32.191  feet. 
Do.  Washington,         do.  do.,     g  =  32.155  feet. 


Pendulums. 

The  times  of  vibration  of  pendulums  are  proportional  to  the  square  roots  of 
their  lengths. 

s 

Therefore,  if  /  be  the  length  of  a  pendulum  vibrating  seconds,  and  V  the  length 
of  any  other  simple  pendulum,  or  the  distance  from  the  point  of  suspension  to 
the  centre  of  oscillation  of  a  compound  pendulum,  vibrating  in  the  time  t  at  the 
same  place,  then  :  P  =  1 1"1. 

The  length  of  a  pendulum  vibrating  seconds  is  in  a  constant  ratio  to  the  force 
of  gravity. 

j-  =  9.8696044 

Length  of  a  pendulum  vibrating  seconds  at  the  level  of  the  sea,  in  various  latitudes. 

At  the  Equator 39.0152  inches. 

Washington,  Lat.  3S°  53'  23" . .  .39.0958       " 

New  Yorlc,     Lat.  40°  42'  40" 39.1017       " 

London,  Lat.  51°  31' 39.1393       " 

Lat.  45° 39. 1270       " 

Lat.  L 39.1270  in.— 0.099S2  cos.  2  L. 
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BALLISTICS. 

Motion  of  a  body  projected  vertically  upward,  in  vacuo. 

Let  /.    represent  any  time  of  ascent,  in  seconds. 

/,.   the  height      I  al  the  end  of  the  timet. 
v,   the  velocity  j 

g,  the  velocity  acquired  by  a  falling  body  in  1  second. 

V.  ihe  initial  velocity  of  projection. 

//,  the  whole  height  of  ascent. 

7'.  the  whole  time  of  ascent. 

Then  : 

k=Vt  —  lgt*  v=V—gt. 

v-  v 

jgr  =— .  r=— . 

2     O-  <T 

Motion  of  a  Projectile  in  vacuo. 

The  trajectory  of  a  body  projected  obliquely,  in  vacuo,  is  a  parabola,  the  axis 
of  which  is  vertical. 

The  formula;  for  the  parabolic  trajectory  apply,  also,  approximately,  to  the 
path  of  a  body  projected  in  the  air.  with  a  small  velocity;  such  as  a  shell  fired 
with  a  light  charge  from  a  mortar,  or  the  ball  of  a  mortar  eprouvette. 

Let  V represent  the  initial  velocity  =y  2gH 

m   the  an^le  of  projection,  above  the  horizontal  plane. 

x,  y.  the  horizontal  and   vertical  co-ordinates  of  any  point  in,  In  the  trajec- 
tory, from  ihe  point  of  departure  as  the  origin. 
vy  the  velocity  of  the  projectile,  at  the  point  m, 
t,    the  lime  of  flight,  to  the  same  point. 
A    the  inclination  of  the  tangent  at  that  point. 
X,  the  whole  horizontal  range. 
Y,  the  greatest  height  of  ascent. 
T,  the  whole  time  ol   llight,  for  the  range  A'. 
1.  Equation  of  the  trajectory. 


=-<P   4  11  cos.  *<p 
y  =  V t  sin.  m  —  i  g  t2.  .r2  =  V  t  cos 

V-  sin.  2  ip 


2.  Z=  2  B  sin.  2 


Y=  H  sin.*m  =  H^L± 


2  V 


Mil. 
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3.  The  angle  of  greatest  range  is  <p  =45°. 

2  X 
In  that  case,  X  =  2  H=  4  Y:  Y=  i  II;  V=  \/~g~T;  T  =  }/-^~. 

The  ranges  are  equal  at  angles  equidistant  from  45°. 

4.  Under  a  given  antrle  of  projection  the  initial  velocities  are  as  the  square 

roots  of  the  ranges. 
When  the  initial   velocities  are  equal,  the  ranges  are  proportional  to  the 
sines  of  double  the  angles  of  elevation. 

5.  v.  =  t/2  g  (II  — y). 

The  velocities'  are  equal  in  the  two  branches  of  the  trajectory,  at  the 

same  height. 
The  least  velocity  is  at  the  summit,  and  is  =  Fcos.  m. 

6    Tan g.  j  =  =  tang,  q,  —  — — —  . 

On    horizontal  ground,  the   angle  of  descent  is  equal  to  the  angle  of  pro- 
jection, and  the  final  velocity  is  equal  to  the  initial  velocity. 

7.  t. 


Kcos. 


When  <p  =45°,«  =  1.4]  12        . 

8.   To  find  the  initial  velocity,  or  the  angle  of  projection,  necessary  for  striking  a 

gin  ii  point. 
Let  a  and   b  be  the  horizontal  and  vertical  co-ordinates  of  the  point,  and  s  its 

angle   of  elevation,  making  tang.  £  =  — ;  then: 


II 


1  sin. 


cos.  £  |         a  g  ei  is. 

s)     cos.  m'  \  '-'  s">-  (to  —  g")  cos.  | 


(<p  —  s)    cos.<p'  V-  sin.(<p— -g) 


Tang.  ^  =  —  (H  -L.  ]      (//  (H-b)  -  I  a* 

Motion  of  a  Projectile  in  the  air. 

The  normal  trajectory  in  the  air  is  a  continuous  plane  curve,  which  can  be  cut 
by  a  riglit  line  in  not  more  than  two  points;  it  has  two  asymptotes,  one  vertical, 
the  other  inclined. 

The  art/nil  trajectory  of  a  ball  is  generally  a  curve  of  double  curvature,  ti 
differs  from  the  normal  trajectory  in  consequence  of  the  deviations,  both  lateral 
and  vertical,  produced  by  the  eccentricity  of  the  ball,  its  position  in  the  gun, 
the  motion  of  the  air,  and  oilier  circumstances,  which  cause  the  ball  to  revolve 
about  an  uncertain  and  variable  axis,  and  to  depart  from  the  vertical  plane  of 
i  ion. 


4M 
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The  equation  of  the  trajectory  is  transcendental  and  difficult  of  computation, 
tint   there   are  some  cases  which   admit  of  simplification,  giving  useful  approxi- 


mate results. 


Poisson's  Equation  of  the  Trajectory  in  the  air. 


y  =  x  tang,  m    —  - 

t  8  c2  II  cos.2 


<P 


(,2 


1) 


y  is  the  ordinate  and  x  the  abscissa  of  the  curve;  m  the  angle  of  projection  ; 
i?,  the  height  corresponding  to  the  initial  velocity  V=  \/  2  g  H ;  e  =  2.7182818, 

the   number  whose  hyperbolic  logarithm  is  1;  f  = =-=:,  in    which    a  is  the 

10  7c  D 

density  of  the  air,  and  D  that  of  the  ball,  the  density  of  water  being  1,000; 
R,  the  radius  of  the  ball ;  n,  a  coefficient  for  the  res-istance  of  the  air,  the  value 
of  which,  for  different  velocities,  is  given  by  Hutton  as  follows: 


VELOCITY  ) 
IN  FEET.  J 

COO 

800 

1000 

1100 

1200 

1300 

1100 

lf)00 

1(500 

1700 

1800 

1900 

2000 

Value  of  «..|l.5o|».6a|l.77|l.84|l.91 

1.9s'2.03|2.0()|2.0b|2.07!2.06!2.03|2.00 

The  above  form  of  the  equation  supposes  that  the  resistance  of  the  air  is  pro- 
portional to  the  square  of  the  velocity,  and  that  the  ball  does  not  depart  very 
far  from  a  horizontal  line  drawn  through  the  muzzle  of  the  piece. 

By  developing  the  exponential  function, 


,   „         ,    4  c2  x1     ,    8  r3  x3 
1  -4-  2  ex  -f  — — —  +  — — —  +  etc., 


1.2 


1 .2.3 


the  equation  becomes 


1  /4  c2  x2    ,   8  c3  xs    ,  \ 

'-"""**  — **wtS&i    (-T£-  +  ~ni.3-  +  etc   ) 

If  the  angle  of  projection   is  Mnall  and  the  range  x  not  greater  than  2,000  feet, 
the  terms  of  this  series  above  the  third   power  may  be  neglected,  and  we  may- 
consider  cos.  m  =  1  ;  the  equation  will  then  lake  the  form, 
1  /    x2      ,     ex*    \ 


V2 
Substituting  for  2  7/ its  value       ,  and   putting  m 
g 


,  we  have, 


y  =  *  tang.  <p 


(3  m  +  2  x). 


0  m  V2 

in  this  form  the  equation  may  be   used  for  cases  of  firing  at  low  angles,  with 
ranges  not  exceeding  050  yards. 


BALLISTICS. 


431 


Recent  experiments  in  France,  on  the  resistance  of  the  air  to  the  motion  of 
projectiles,  have  furnished  a  more  accurate  (hut  more  complicated)  expression 
for  the  relation  between  the  resistance  and  the  velocity,  than  that  given  by 
Hntton,  which  has  been  generally  used  heretofore.  This  expression  is  of  the 
form  : 


p  =  A  *  R-  r- 


o+o 


in  which  R  is  the  radius  of  the    ball;  A  and  —    coefficients   depending  on   the 

rj 

density  and  diameter  of  the  ball,  and  the  density  of  the  air. 

Considering  the  mean  density  of  the  air  as  l-S2Slh  part  of  that  of  water,  and 
expressing  the  dimensions  and  velocity  in  feet,  the  mean  value  of  A,  for  artillery 
projectiles,  may  be  taken  =  0.00S5. 

For  the  resistance  to  solid  shot,  r  =  1.427  feet  ;  for  shells,  r  =  2,735  feet. 

The  loss  of  velocity.,  by  the  resistance  ot  the  air,  in  any  small  distance  x,  will 
be  expressed  by 


V—  v 


3  A 


RD\^    r  ) 


This  formula  may  be  used  in  experiments  with  the  ballistic  pendulum,  for 
computing  the  velocity  lost  by  the  ball  in  passing  from  the  gun  to  the  pendulum 
block. 


Final  velocity  of  descent  in  the  air. 

The  velocity  of  a  projectile  diminishes  from  the  commencement  of  its  flight  to 
a  point  a  little  beyond  the  summit  of  the  trajectory;  it  then  increases  to  a  certain 
limit,  dependent  on  the  diameter  and  density  of  the  ball.  The  final  velocity  is 
given  by  the  equation 


„  (,+  !].-: 


Shot. 

Shells. 

v  _; 

Calibre. . 

42  j   24  j   IS   |   12 

0 

13-in. 

10-in.  j  b-in. 

24-pdr 

3  X> 
7S, 

Final     velocity    of| 
descent     in    feet  > 
per  second.. . .    J 

485 

455 

425    410 

360 

5S5 

505 

445 

375 

213 
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General  Formula  for  computing  tfa  Initial  Velocity  of  a  Baft. 


(A                M  C  —  11- 

V  =  7  \!      1    i      lo«- A  — (  • 

In  which   I7,  is  t lie  initial  velocity  of  the  ball. 

C,  the  ridms  of  the  bore. 

]!.  the  radius  of  the  ball. 

m,  the  weight  of  the  ball,  with  the  wad.  or  sabot,  etc  .  used  in  loading;. 

(J.,  the  weight  of  the  charge  of  powder. 

M.  ihc  weight  of  powder  (loose)  which  would  till  the  bore  of  the  gun. 

Log.  the  common  logarithms. 

j  and  A,  coefficients,  depending  on  the  nature  of  ordnance  and  the 
quality  of  the  powder  used  ;  to  be  determined  experimentally  by  means  of  some 
known  velocity  and  given  difference  of  windage. 

A  may  probably,  without  sensible  error,  be  regarded  as  constant  for  the  same 
quality  of  powder,  though  used  in  different  kinds  of  ordnance;  but  the  value 
of  T  should  be  computed  from  the  known  velocity  in  a  case  approaching  nearest 
to  that  to  which  the  formula  is  to  be  applied. 

( '-  -     /.'-  W 

Inordinary  cases  of  windage  (IF),  we  may  consider      —        = =  -— • 

According  to  the  experiments  made  with  the  ballistic  pendulum  at  Washing 
ton  Arsenal,  the  mean  values  of  the  coefficients  y  and  A,  tor  Dupont's  powder, 
jn  gUns  0f  various  calibres  (from  6-pounder  to  32-pounder),  are:  J  =  3,500  feel  j 

A  =  3,200  feet. 

The  above  formulae,  lor  the  resistance  of  the  air  and  for  the  initial  velocity, 
are  obtained  from  the  "Traite  de   Balistique,  par  Didion,  lsls:"'  a  work  which 
may  be  consulted  for  a  full  discussion  of  the  theorj  of  the  motion  n(  projectiles, 
and  the  deviation-  produced  by  then-  eccentricity  and  other  causes. 
MECHANICAL  POWERS. 

Conditions  of  Equilibrium  of  simple  Machm  s. 

Lever.  The  effective  bfm  of  a  lever  is  the  perpendicular  distance  from  the  ful- 
crum to  the  line  of  direction  of  the  power  or  weight. 

The  power  is  the  Weight  inversely  as  the  effective  arms  of  the  lever: 

P  JJ  =  w  d. 

The  pressure  on  the  fulcrum  is  the  resultant  of  the  power  and  weight. 

FIXED  PULLEY.  The  power  is  equal  to  the  weight.  The  pressure  Q  on  the 
axis   i-  to  the   power  or  weight  as  the  chord  c  of  the  arc  enveloped  by  the  rope 

Q  r 
is  to  the  radius  r  of  the  pulley.    P  =  w — ' 
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Movable  Pulley.  The  power  is  to  the  weight  as  the  radius  of  the  pulley  is 
to  the  chord  of  the  arc  enveloped  by  the  rope. 

The  pressure  on  the  fixed  end  of  the  rope  is  equal  to  the  power:  P=Q= — . 

c 

In  a  system  of  n  movable  pulleys,  the  power  is  to  the  weight  as  the  product 

of  the  radii  of  the   pulleys  is  to  the  product   of  the  chords  of  the  arcs   envel- 

/•  r'  r''  .  .71 

oped  by  the  rope  :   P=w — . 

f  c'c     •  •» 

I'- 
ll' the  ropes  are  parallel,  c=2r,  and  P=  — — . 

«-n 

Block  and  Tackle.  The  power  is  equal  to  the  weight  divided  by  the  number 
Of  ropes  attached  to  the  lower  block,  or  by  twice  the  number  of  rising  pulleys. 

Wheel  and  Axle.  The  power  is  to  the  weight,  as  the  radius  r,  of  the  axle,  it- 
to  the  radius  R,  of  the  wheel. 

_      wr 

System  of  Wheels  and  Pinions.  The  power  is  to  the  weight,  as  the  product 
of  the  radii  (or  number  of  teeth),  r,  r'.  r",  etc.,  of  the  pinions  is  to  the  product  of 
the  radii  (or  number  of  teeth),  R,  11',  R",  etc..  of  the  wheels: 

r  r'  r"  ■  •  •  • 

f=u'rr>R"..- 

Inclined  Plane.  If  the  direction  of  the  power  is  horizontal,  the  power  is  to 
the  weight,  as  the  height  of  the  plane  h  is  to  its  base  I.     P=  — . 

The  pressure  on  the  plane,  <?=  —  =  — -  ;  I  being  the  length  of  the  plane. 

h  b 

[f  the   direction  of  the   power   is  parallel  to  the   plane,  the  power  is  to  the 

weight  as  the  height  of  the  plane  to  its  length.     P=—.     The  pressure  on  the 

„      Pb       trb 
plane,  0=  —  =  — . 

Screw.  The  power,  applied  perpendicular  to  the  axis,  is  to  the  weight,  as  the 
pitch  of  the  screw  s,  or  the  distance  between  two  threads  is  to  the  circumference 
described  by  the  point  to  which  the  power  is  applied..  Thus,  if  the  power  16 
applied  by  means  of  a  lever  2, 

p—    ""> 

Wedge.  The  power  is  to  the  resistance  acting  perpendicularly  oh  each  side  of 
the  wedge,  as  the  thickness  of  the  back  of  the  wedge  is  to  the  length  of  the 
Hide. 

2S 
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Balance. — The  common  balance  is  a  simple  lever,  the  arms  of  which  are 
equal.  If  the  balance  is  not  accurate,  the  true  weight  of  a  body  may  be  found 
by  taking  the  square  root  of  the  product  of  the  weights  which  counterpoise  it 
successively  in  each  scale.  A  better  and  more  convenient  method  of  eliminat- 
ing the  error  of  a  balance,  is  to  place  the  body  in  one  scale  and  counterpoise  it 
by  any  weights  in  the  opposite  scale;  then  remove  the  body  and  replace  it  by 
known  weights,  until  the  equilibrium  is  again  restored.  The  sum  of  the  hitter 
weights  will  be  that  of  the  body  required. 


Friction. 

In  the  foregoing  conditions  of  equilibrium  of  machines  no  account  is  taken  of 
the  resistance  caused  by  friction,  and  by  the  stiffness  of  ropes,  chains,  etc. 

Numerous  experiments  on  friction  have  been  made  in  France  by  M.  Morin 
from  which  the  following  general  results  are  obtained: 

1.  The  friction  of  any  two  bodies  in  motion  is  proportional  to  the  pressure, 
whether  the  surfaces  are  dry  or  covered  with  unguent.  The  ratio  between  the 
pressure  and  the  friction  is  called  the  coefficient  of  friction. 

2.  The  amount  of  friction  is  independent  of  the  surface  of  contact  and  of  the 
velocity  of  motion.  It  depends  only  on  the  pressure,  the  nature  of  the  surfaces 
in  contact,  and  the  kind  of  unguent  interposed. 

3.  In  general,  friction  is  less  between  bodies  of  different  kinds,  than  between 
those  of  the  same  kind. 

4.  When  two  surfaces  have  been  long  in  contact  at  rest,  an  adhesion  takes 
place  between  them,  the  force  of  which  is  proportional  to  the  extent  of  the  sur- 
face of  contact,  and  independent  of  the  pressure. 

5.  "When  a  continuous  stratum  of  an  unguent  is  constantly  interposed  between 
the  surfaces  of  contact,  the  amount  of  friction  depends  on  the  nature  of  the  un 
guent,  and  not  on  that  of  the  surfaces. 

6.  With  the  unguent,  hog's  lard  and  olive  oil  the  coefficient  of  friction  is 
nearly  the  same  for  surfaces  of  wood  moving  on  metals,  wood  on  wood,  metal 
on  wood,  and  metal  on  metal,  being  in  all  cases  between  0.07  and  0.08. 

The  coefficient  for  the  unguent  tallow  is  the  same,  except  in  the  ca>e  of  metal 
on  metal,  for  which  it  appears  to  be  less  suited  than  the  others,  giving  a  coeffi- 
cient of  about  0.10. 

7.  The  friction  of  axles  is  generally  a  little  less  than  that  of  plane  surfaces, 
under  similar  circumstances.  The  amount  of  friction  is  here  also  proportional 
to  the  pressure,  and  independent  of  the  velocity  of  the  motion. 
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MATHEMATICAL  FORMULA  AND  DATA. 

Mensuration. 

Lines. 


Circle.     Ratio  of  circumference  to  diameter,  it  =  3.1415926536  =  fyf  nearly 
a  if 
ISO 


at?  r 
Length  of  an  are  =  ;  r  being  the  radius  of  ihe  circle,  and  a  the  number 


S  e'  —  c 
of  degrees  in  the  arc;  or,  nearly  = ;  c,  being  the  chord  of  the  arc.   ami 


and  f'  the  chord  of  half  the  arc,  which  is  =  y   \  c2  -\-  versine-2. 
Length  of  1  degree  =  0.0174533;  radius  being  1. 
Length  of  1  minute  _  0.0002909. 
Length  of  1  second  =  0.0000048. 

Ellipse.  Circumference  =  ._>  j,  {,  ff  ]  \  {a1  -f-  b2),  nearly  ;  a  and  h  being  the 
axes. 

(4  a2  \ 

nearly;  a  being  the  abscissa  and  b  the  ordinate. 

.Surfaces. 

Triangle.     Half  the  base   X   the  height ;  or  half  the  product  of  two  sides  X 

the   sine  of  the  included  angle,  (J  a  b — '— — ) ;  or,  ]/   s  (s  —  a)  (s  —  b)  (s  —  c) ; 

R 

i        i     •         i  i  i  a  -\-  b  -\-  c. 

a.  b,  c   foeins:  the  sides,  and  s  = — 

2 

Parallelogram.     The  base  x  the  height. 

Trapezoid.     Half  the  sum  of  the  parallel  sides  X  the  height. 

Any  Quadrilateral.  Half  the  product  of  the  diagonals  X  the  sine  of  their 
angle. 

Any  irregular  plane  figure  bounded  by  curve.*.  Divide  the  figure  into  any  even 
number  of  parts  by  parallel  equidistant  ordinates;  let  a  be  the  sum  of  the  first 
and  last  ordinates,  b  the  sum  of  the  even  ordinates,  c  that  of  the  odd  ones,  ex- 
cept the  first  and  last;  d  the  common  distance  between  them;  then  will  the 
area  =  $  d  {a  -+-  4  b  -f-  2  c).     Five  ordinates  will  generally  be  found  sufficient. 

Circle.     *  r2;  or  diam.2  X   .7854;  or,  circum.2  X   .07958. 

Circular  sector.     — —— ;  a  being  the  length  of  the  arc  in  linear  measure. 


4:*6 
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Circular  ,^:/<iir,it.     The  difference  between  the  sector,  and  the  triangle  lormeil 
r  a —  r2  sin.  A 


by  the  cord  and  the  radii ;  or 


;  or  nearly  =  .4  v  (c  -|-  a  1    1  c'2  -4-  t-) ; 


r  being  t lie  cord  and  v  the  versed  sine. 

Ellipse.     .7S54  a  b  ;  a  and  b  being  the  axes. 

Parabola.     3  a  b ;  a  being  the  abscissa,  and  b  the  double  ordinate. 

Right  prism  or  cylinder.     Curved  surface  =  height  X  perimeter  of  base. 

Right  pyramid  or  cone.     Half  the  slant  height  X  perimeter  of  base. 

Frustum  of  a  right  prism  or  cylinder.  The  perimeter  of  the  base  multiplied  by 
the  distance  from  the  centre  of  gravity  of  the  upper  section  to  the  base.  If  the 
prism  or  cylinder  is  oblique,  multiply  this  product  by  the  sine  of  the  angle  of 
inclination. 

Frustum  of  a  right  pyramid  or  cone.  The  slant  height  X  half  the  sum  of  the 
perimeters  of  the  two  ends. 

Sphere.     4  #  r-;  or,  diam.    X   eircum.;  or,  diam.2   X   3.1416. 

Spherical  zone  <»■  segment.  2  «"  r  h  ;  or,  the  height  of  the  zone  or  segment  mul- 
tiplied by  the  circumference  of  the  sphere. 

Circular  spindle.    2*(re-o]/  r2  —  J  c2)  )  5  a  being  the  length  of  the  arc 
and  c  its  chord,  or  the  length  of  the  spindle. 
a  —  1 80° 


Spherical  triangle.     f  »; 


1S0° 


—  :  s  being  the  sum  of  the  three  angles. 


Any  surface  of  revolution,    2  ff  r  If  or,  the   length  of  the  generating  clement 
lultiplied  by  the  circumference  described  by  its  centre  of  gravity. 


Table  of  'Regular  Polygons. 


Radius  of  cir- 
cumscribing 

circle. 

Side  of  inscrib- 

No. of  sides. 

Name. 

Area. 

ed  polygon. 

3 

Triangle. 

i).  133012'? 

0.5773503 

1.732051 

4 

Square. 

1  .01)00000 

0.7071068 

1.414214 

5 

Pentagon. 

1.720 177  1 

0.8506508 

1  .  1  75570 

0 

1  lexagon. 

2.5980762 

1 .0000000 

1  .00(11)1)0 

7 

Heptagon. 

3.6339124 

1.1523824 

0.867767 

8 

Octagon. 

4.8284271 

1 .30651  28 

0.765367 

9 

Nonagou. 

6.1818242 

1.4619022 

0.684040 

10 

Decagon. 

7.6!  M  'Joss 

1  .'HVMilO 

0.616034 

n 

Undecagon. 

9.3656399 

1 .7747324 

0.563463 

12 

Dodecagon. 

11.1961524 

1.93l§517 

0.517G38 
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The  column  of  areas,  in  the  foregoing  table,  gives  the  number  by  which  the 
square  of  the  side  is  to  be  multiplied,  to  find  the  urea  of  the  polygon. 

The  next  column  trues  the  multiplier  for  the  side  of  a  polygon,  to  find  the  ra- 
dius of  the  circumscribing'  circle. 

The  last  column  gives  the  multiplier  for  the  radius  of  a  circle,  to  find  the  side 
of  the  inscribed  polygon. 

Solids. 

Prism  or  cylinder.     Area  of  base  multiplied  by  the  height. 
Pyramid  or  cone.     Area  of  base  multiplied  by  ono-third  of  the  height. 
Frustum  of  a  pyramid  <,r  cone.     \  h  (B  +  A -f-  |/    B  b);  h  being  the   height; 
B  and  b  the  areas  of  the  two  ends.     Or,  for  a  conic  frustum  : 

(J)i ^3\ 
_ I  D   and  d  being  the  diameters  of  the  two  ends. 
D  —  d  J 

Frustum  of  a  right  triangular  prism.     The  base  X  5  (If  -\-  II'  -4-  H"). 

Frustum  of  any  right  prism.  The  base  multiplied  by  its  distance  from  the 
centre  of  gravity  of  the  section. 

Cylindrical  segment,  contained  between  the  ba«e  and  an  oblique  plane  passing 
through  a  diameter  of  the  base  :  two-thirds  of  the  height  multiplied  by  the  area 
of  the  :rreat  triangular  section  ;  or  J  r  h2  ;  r  being  the  radius  of  the  base,  and  h 
the  height. 

4*1* 

Sphere.     — - —  ;  or,  .5236  d3  :  r  being  the  radius  and  d  the  diameter. 

•x  h 
Spherical  segment.     j  ^  h2  (3  r  —  h)  =  — —  (3  b2  -f-  h2)  ;    b  being  the    radius   of 

the  base,  h,  the  height  of  the  segment,  and  r  the  radius  of  the  sphere. 

-  =  0.5236. 


Sphrrical  zone.     (3  B2  -f-  3  b2  -4-  h2) ;   B.  b  being  the  radii  of  the  bases. 

6 

Spherical  sector.     J  >•  X  the  surface  of  the  segment  or  zone,  or,  3  rg  r2  h. 
v  a2  b 

Ellipsoid.     — - — ;  a  being  the  revolving  diameter  and  b  the  axis  of  revolution. 
0 

Paraboloid.     Half  the  area  of  the  base  multiplied  by  the  height. 

Circular  spindle,  ff  (J  c3  —  2  s  "|  '  r2  —  \  c2) ',  s  being  the  area  of  the  revolving 
segment  and  c  its  chord. 

Any  scdid  <,/  revolution.  2  ^  r  s ;  or,  the  area  of  the  generating  surface  multi- 
plied by  the  circumference  described  by  its  centre  of  gravity. 

Am/  irregular  solid,  bounded  by  a  cm-red  surface.  Use  the  rule  for  finding  the 
area  of  an  irregular  plane  figure,  substituting  sections  for  ordinates. 
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Cask  gauging.     1.  —  By  the  preceding  rule  : 

The  contents  of  a  cask  = '  •--  /  (d2  +  D2  +  4  M2) ;  /  being  the  length,  d,  D,  the 
24 

head  and  hung  diameters,  and  M.  a  diameter  midway  between  them,  all  measur- 
er 
ed  in  the  clear,  inside;  —  ==  0.1.309. 
24 

The  same  formula  may  be  thus  slated  :  i  /  ( A  -4-  B  -f-  C) ;  I  being  the  length  : 
A  and  B,  the  areas  of  the  head  and  bung  sections:  and  C,  that  of  the  section 
midway  between  them.  * 

<K 

2.  Contents  of  a  cask,  nearly,  =  —  I  (2  D2  -f  d2) ;  or,  I  X  the  area  of  a  circle 

2  D  +  d 
whose  diameter  is . 

Centres  of  Gravity. 
Lines. 

r  c 
Circular  arc.     At  a  distance  from  the  centre  =  --;  r  being  the   radius,   c  the 

chord,  and  /  the  length  of  the  arc. 

Areas. 

Triangle.  On  a  line  drawn  from  any  angle  to  the  middle  of  the  opposite  side, 
at  two-thirds  of  the  distance  from  the  angle  to  the  side. 

Trapezoid.     On  a  line  a  joining  the  middle  points  of  the  two  parallel  sides,  B,  b  : 

distance  from  B  —  —  (         '.-- 


4  »■ 

Semicircle,     Distance  from  the  centre  =  ;r 

•>* 

f3 

Circular  $eqment.     Distance  from  the  centre  =  -— —  ;  c  being  the    chord  of  the 

12  A 

segment,  and  A  its  area. 

2  r  c 
Circular  sector.     Distance  from  the  centre  =        ■-  ;  c  being  the  chord,  and  I  the 

length  of  the  arc. 

Parabolic  segment.     Distance  from  the  vertex  =  three-fifths  of  the  abscissa. 

Surface  of  a  right  cylinder,  cane,  or  frustum  of  a  cone.  The  centre  of  gravity  is 
at  the  same  distance  from  the  base  as  that  of  the  parallelogram,  triangle  or  trape- 
zoid, which  is  a  right  section  of  the  same. 

Surface  of  a  spherical  zone  or  segment.     At  the  middle  of  the  height. 
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Solids. 

Prism  or  cylinder.     At  the  middle  of  the  line  joining  the  centres  of  gravity  of 
the  two  ends. 

Pyramid  or  cone.     The  distance  from  the  base  is  one-fourth  of  the  line  joining 
the  vertex  with  the  centre  of  gravity  of  the  base. 

Frustum  of  a  cone.      Distance   from   the  centre  of  the   smaller  end  = 
IR  4.  r)2  _L  2  Ri  ?,  A'2  _)_  a  R  r  -L-  r» 

the  radii  of  the  greater  and  less  ends. 

■       ,  ,  8r»+2J2r+JRi 

IdMance  from  the  large  end  =  \  h         — ■ 

.  ,     •    ,  „■  ,  ,  3(r— JA)»       flr/i2(r  — iA)» 

>S»hertcal  scqment.     Distance    from   the   centre  = — = —  ; 

1  J  3r—h  S  ' 

i-  being  the  radius  of  the  sphere,  h  the  height  of  the  segment,  and  S  its  solid  con- 

t^-  i  Sr  — 3A 

tents.     Distance  from  the  vertex  =  h 


I2r— 4  A 

Spherical 'sector.     Distance  from  the  centre  =  f  (r —  i  h). 

2r  +  3* 

Distance  from  the  vertex  = 

8 

Hemisphere.  Distance  from  the  centre  =  f  r. 
Paraboloid.  Distance  from  the  vertex  =  j$  h. 
Any  system  of  bodies.     Distance  of  the  common  centre  of  gravity  from  a  given 

B  D  +  B'  D"  +  B'  D"  +  etc. 

plane  = - ! ;   B,B',  B"  being  the  masses  or  solid  con- 

B  -j-  B'  -\-  B"  -f-  etc. 

tents  of  the  bodies,  and  D,D',D",\hc  distances  of  their  respective  centres  of 
jrravity  from  the  given  plane. 

Arithmetical  Progression. 

a,  the  first  term;  d,  the  common   difference;  n,  the   number  of  terms  ;  /,  the 
»th  term  ;  «,  the  sum  of  »  terms. 

l  =  a-\-  d(n  —  1);  s=    "(fi  +  0 

Geometrical  Progression. 

r.  the  common  ratio;  the  rest  as  above. 

I  r  —  a  _        (rn —  1) 


1  =  a  rn  —  1  ;   *  : 


r  _  i  ,-  _  i 
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Logarithms. 

x,  the  common  logarithm  of  the  number  a;  e,  i lie  base  of  the  hyperbolic 
rithms  =  2.7182818  ;  as',  the  hyperbolic  logarithm  of  «. 

„  =  10*  —  c*';  x  —  ./■'  Log.  c  ;  Log.  e  =  0.434'2'J4.r>. 


Plane  Trigonometry. 

.1,  ft,  C,  the  three  angles ;  o,  &,  c,  the  three  sides  respectively  opposite  to  I  he  in 
A',  the  tabular  radius  :   S,  the  area  of  the  triangle  ;  p  =  A  ("  +  //  +''• 
#><///'  angled  triangles:  A  being  the  right  angle. 

tailff.  11  sin.  // 


«=-,/  t2  +  c2:   i=c-^- 


Oblique  <in</lt<l  Triangle! : 

u  b  e 

sin.  vl       sin.  //       sin.  C 

Tang,  i  (4—  B)  =  tang.  1  {A  +  11)  X  ^-=- 
r  ,  4r(?,sin.Mf  1  ,  f       ,    ,.,  •    2a 6 cos.  Cl 

Cos.  i  .1  =  B^tp-^  ;  Sin.  J  A  =  B,    </>-»>(*>—> 
V         6C  I  be 

s=iab  ——  =  v/-{p_a)  (p_t)(/>_cy 

General  Formulm: 

11.  sin.  (d  _J-  fc)  =  sin.  a  cos.  &  -J-  sin.  b  cos.  a. 

/?.  cos.  (a  -J-  6)  =  cos.  «  cos.  6  J-  sin.  a  sin.  6. 

7?.  (sin.  a  J-  sin.  6)  =  2  sin.  J  (a  J-  b)  cos.  J  («4-  7/). 

B.  (cos.  a  4-  cos.  6)  =  2  cos.  i  (a-\-b)  cos.  £  (a  —  b). 

R.  (cos.  «  —  cos.  b)  =  2  sin.  i  (re  4~  '')  si»-  h  ("  —  '>)• 

sin.  <i  4~  sin.  I>         tang    A  («  4"  '')  l'os-  £  (a  —  &)• 

sin.  a  —  sin.  6  T?2 

fit2—  /("cos.  n""!  ,  _     .  fB —  cos.  a") 

si„.i«=v    L-      .,       -J;   tnng.ia  =  Bv    [a  +  cos.«J 

Chord  of  .4=2  sin.  }.  ^ 


NATURAL    SINES    AND    TANGENTS. 

Table  of  Natural  Sines  and  Tangents. 


Ill 


Deg, 

Mm. 

Sine. 

Tangent. 

Deg. 

Min. 

Sine. 

Tangent. 

0 

LQ 

00290S9 

00290SD 

12 

30 

2164390 

22109)7 

15 

0043633 

0043634 

45 

2206974 

2202709 

30 

0OS7265 

0087269 

13 

00 

22  1951 1 

23OS0&2 

45 

0130890 

0130907 

15 

2292004 

2354687 

1 

00 

0174521 

0174551 

30 

2334454 

2KHI7SS 

15 

021S1 19 

0218201 

45 

2376859 

2446984 

30 

0261769 

0261S59 

14 

no 

2419219 

2493280 

45 

0305385 

0305528 

15 

2-161! 

2539676 

•j 

00 

03U>995 

0349208 

30 

2503 

25s6176 

15 

0392598 

03929(11 

45 

2546019 

2632780 

30 

0436194 

0436609 

15 

00 

2588190 

2079102 

45 

0479781 

0480334 

15 

2030.312 

2720313 

3 

00 

0523360 

0524078 

30 

2672384 

2773245 

15 

0506928 

0567841 

45 

271  1404 

2820292 

30 

0610485 

061 1626 

1G 

00 

2750371 

2867454 

45 

0654031 

0655435 

15 

2798290 

2914734 

1 

00 

0697565 

0699268 

30 

2s lol 53 

2002135 

15 

0741085 

0743128 

15 

2881963 

3009658 

30 

0784591 

0787017 

17 

00 

2923717 

3057307 

45 

0S2S0&2 

0&30936 

15 

110 

3105083 

5 

00 

lis  7 1557 

0874887 

30 

3007058 

31529SS 

15 

0915016 

0918871 

45 

3048643 

3201025 

30 

0958458 

0962890 

IS 

00 

3090170 

3249197 

45 

1001881 ' 

1000917 

15 

3131638 

3207505 

6 

00 

1045285 

1051012 

30 

3173047 

3345953 

15 

L 088669 

1095178 

45 

3214395 

3394543 

30 

1 1  3203-2 

1139356 

19 

00 

3255682 

3143276 

45 

1175374 

1183578 

15 

3296906 

3492156 

7 

00 

1218693 

1227846 

30 

3338069 

3541186 

15 

1 26 1 990 

1272161 

45 

3379107 

3590367 

30 

1305262 

1310525 

20 

00 

3120201 

30,39702 

45 

1348509 

1360940 

15 

3101171 

3689195 

8 

00 

1391731 

14  054  (is 

30 

3502074 

3738847 

15 

143 1926 

1449931 

45 

354&910 

3788661 

30 

1478094 

1494510 

21 

00 

3583679 

3838640 

J  5 

1521234 

1539147 

15 

3624380 

.•:sss7S7 

9 

00 

1564345 

1583844 

30 

3005012 

3039105 

15 

1607426 

1628603 

45 

3705574 

2989-  95 

30 

1650476 

Hi7312ii 

22 

00 

3740HOO 

4040262 

45 

1693495 

171831 4 

15 

3786486 

40911  OS 

10 

00 

1736482 

1703270 

30 

3826834 

4142130 

15 

1779435 

1808295 

45 

3S671IO 

41 9334  S 

30 

1 822355 

1853390 

23 

00 

3907311 

1244748 

45 

1865240 

1898559 

15 

3947439 

4296339 

11 

00 

1908090 

1943803 

30 

39S7491 

1348124 

15 

1950903 

1989124 

45 

4027407 

1100105 

30 

1993(379 

203152:! 

21 

00 

4067366, 

4452287 

45 

2030418 

2080003 

15 

4K)71-'.i 

4504072 

12 

00 

2079117 

•  2125566 

30 

11  16932 

1557203 

15 

2121777 

2171213 

45 

41S6597 

4010003 
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Beg 
25 

26 
•,'7 
2b 
29 
30 
3L 
32 
33 
31 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 


Min. 


Sine. 


Tangent. 


De- 


Min. 


Sine. 


Tangent. 


on 

30 
00 

00 
30 
00 
30 
00 
30 
00 
30 
00 
30 
00 
30 
00 
30 
00 
30 

(Ml 

30 
00 
30 

00 
30 
00 
30 
mi 
30 
00 
30 
00 
30 
00 

30 

00 
30 
00 
30 

00 
30 
00 
30 
00 
30 
nn 
30 
00 
30 


4226183 
43051 1 1 
4383711 
4461978 
4539903 
4617486 
4694716 
477l'5&8 
4848096 
4924236 
5000000 
5075384 
5150381 
5224986 
5299193 
5372996 
5441)390 
5519370 
5591929 
5664062 
5735764 
5807030 
5877853 
5948228 
6018150 
6087614 
6156615 
6225146 
6293204 
6360782 
6427876 

lililllM) 

6560590 
6626200 
6691306 
6755902 
6819954 
6883546 
6946564 
7009093 
707106b 
7132504 
7193398 
7253714 
7313537 
7372773 
7431448 
7489557 
7547006 
7604060 


4663077 
1769755 
1877326 

49:>5«  16 
5095254 
5205671 
5317094 
5429557 
5543091 
5057 72b 
5773503 
5S90450 
6008606 
IJ128008 
6248694 
6370703 
6494076 
6618856 
67450S5 
0V72M0 
7002075 
7132931 
7265425 
73996M 
7535511 
7673270 
7812856 
7954359 
8097840 
6243364 
8390996 
8540807 
8692867 
8S47253 
9001010 
9163312 
9325151 
94b9646 
96598SS 
9826972 

1000(11)00 
101701171 

10355303 

10537S01 
10723'-b7 
10913085 
11106125 
11302944 
11503684 
11708496 


1  50 

on 

30 

51 

00 

30 

52 

00 

30 

53 

00 

30 

54 

00 

30 

55 

00 

30 

56 

00 

30 

57 

00 

30 

58 

00 

30 

59 

00 

30 

60 

00 

61 

00 

62 

00 

63 

00  . 

61 

00 

65 

(Ml 

Cm) 

00 

67 

00 

68 

00 

69 

00 

70 

00 

71 

00 

72 

00 

73 

00 

71 

(II) 

75 

00 

70 

00 

77 

00 

78 

00 

79 

00 

80 

00 

81 

00 

82 

(1(1 

83 

00 

84 

00 

85 

00 

86 

00 

87 

00 

88 

00 

89 

00 

90 

00 

7600111 
7710210 
7771100 
7826082 
7880108 
7933533 
7936355 
8038569 
S090170 
81  11155 
3191520 
8241262 
B290376 

8386706 
843391  I 
MbOM 
8526402 
8571673 
8616292 
8660254 
8746197 
8S29476 
8910065 
6987940 
9063078 
9135155 
9205H49 
9271839 
9335804 
9396920 
91551  SO 
9510565 
9563048 
9612617 
9659258 
9702957 
9743701 
9781476 
9816272 
9848078 
9S70bb3 
99026S1 
9925462 
9945219 
990  UM  7 
99756 1 1 
9986295 
9993908 
9998477 
10000000 


11917536 
12130970 
12348972 
12571723 
12700116 
L 3032254 
1327044S 
1351 1221 
13763819 
14039483 
142S14MO 
14550090 
1  1825610 
15106352 
15398650 
15696850 
16003345 
16313517 
1  (-,012795 
16976631 
17320508 
18040478 
18807265 
19626105 
20503038 
2J  115009 
22460368 
23558524 
•J  1751  isf,1.' 
26050891 
27171774 
29012100 
30776835 
32708526 
34874144 
37320508 
40107809 
4331 1750 
470lo:iol 
51115540 
56712818 
63137515 
71153697 
61443464 
95143645 
11  1300520 
143006060 
190811370 
286362530 
572399620 
Infinite. 


AREAS    AND    CIRCUMFERENCES    OF    CIRCLES. 


44:? 


Din  meter. 

Area. 

C iron  in. 

Diameter. 

Area. 

Circum. 

0. 

0. 

0. 

0. 

28.274 

18.849 

.125 

.012 

.393 

.  1 25 

29.464 

19.242 

.25 

.049 

.785 

.25 

SO. 680 

19.635 

.375 

.110 

L .  178 

.375 

31.919 

20.027 

.5 

.190 

1.571 

.5 

33.183 

20.420 

.025 

.307 

1  .003 

.625 

34.171 

20.813 

.75 

.442 

2.356 

.75 

35.785 

21.205 

.875 

.601 

2.749 

.875 

37.122 

21 .598 

1. 

.785 

3.142 

7. 

38.  184 

21.991 

.125 

.994 

3.534 

.125 

39.671 

22.363 

.25 

1.227 

3.927 

.25 

H.2S2 

22.770 

.375 

1  .485 

4.320 

.375 

42.718 

23.109 

.5 

1.707 

4.712 

.5 

44.179 

23.502 

.625 

2.074 

5.105 

.025 

45.003 

23.954 

.75 

2.405 

5.498 

.75 

47.171 

24.347 

.875 

2.701 

5.891 

.875 

48.707 

24.740 

2. 

3.142 

6.283 

8. 

50.265 

25.132 

.125 

3.547 

0.070 

.125 

51 .848 

25.515 

.25 

3.970 

7.009 

.25 

53.450 

25.918 

.375 

4.430 

7.461 

.375 

55.088 

20.310 

.5 

4.909 

7.854 

.5 

50.745 

20.703 

.625 

5.412 

8.247 

.025 

58.420 

27.096 

.75 

5.910 

8.039 

.75 

60.132 

27.469 

.875 

6.492 

9.032 

.875 

01.602 

27.881 

3. 

7.009 

9.425 

9. 

03.017 

28.274 

.125 

7.070 

9.818 

.125 

05.300 

28.002 

.25 

8.296 

10.210 

.25 

07.200 

29.000 

.375 

8.940 

10.002 

.375 

09.029 

29.452 

.5 

9.021 

10.995 

.5 

70.882 

29.845 

.025 

10.320 

1 1 . 388 

.025 

72.759 

30.237 

.75 

11.045 

11.781 

.75 

74.662 

30.030 

.875 

1  1  .  793 

12.173 

.875 

70 . 588 

31.023 

4. 

12.500 

12.560 

10. 

7^..r»40 

31.410 

.125 

13.304 

12.959 

.125 

SO. 515 

31.806 

.25 

14.180 

13.351 

.25 

82.516 

32.201 

.375 

15.033 

13.744 

.375 

84.540 

32.594 

.5 

15.904 

14.137 

.5 

60.590 

32.987 

.025 

10.800 

11.529 

.025 

68.664 

33.379 

.75 

17.720 

14.922 

.75 

90.702 

33.772 

.675 

18.005 

15.315 

.675 

92.685 

34.104 

5. 

19.035 

15.708 

11. 

95.033 

34.558 

.125 

20.029 

10.100 

.125 

97.205 

34.950 

.25 

21.047 

10  493 

.25 

99.402 

35.343 

.375 

22.690 

10.886 

.375 

101 .023 

35.735 

.5 

23.75S 

17.278 

.5 

103.809 

30.128 

.025 

21.850 

17.071 

.025 

100.139 

30.521 

.75 

25. 907 

18.004 

.75 

10^.434 

30.913 

.875 

27.108 

18.457 

.875 

110.753 

37.306 

II  ! 


CIIAI'.    XV 


-MISCELLANEOUS    IMOItMATION. 


Diameter,    j 

Area. 

Circiim. 

Diameter. 

Area. 

Circiim. 

12. 

113.007 

37.000 

.8. 

254.47 

56.55 

.125 

L15.  166 

38.091 

.  1 25 

258.02 

56.91 

.25 

117.859 

3s.lsl 

.2:") 

2D1.59 

;.7.:t:; 

.375 

120.276 

38.877 

.375 

20,.').  18 

57.73 

..'i 

122. 71S 

39.270 

.5 

20s. SO 

58.12 

.625 

125.181 

39.662 

.025 

272.  1 

58.51 

.7.r) 

127.676 

40.055 

.75 

270.12 

5R.90 

.872 

130.102 

40. lis 

.s75 

270. si 

59.30 

13. 

132.73 

10.84 

10. 

283.  .v; 

59.69 

.  1 25 

135.30 

41.23 

.125 

2s7.27 

00.0s 

.25 

137. so 

41.63 

.25 

201.0  1 

60.  is 

.375 

110.50 

■12.02 

.375 

294.83 

60.87 

.5 

113.1  1 

42.41 

.5 

298.65 

01.20 

.625 

115.80 

42.80 

.025 

302.40 

r,i.  or. 

.75 

lis.  19 

43.20 

.75 

300.35 

02.05 

.875 

151.20 

43.50 

.875 

310.25 

62.  II 

11. 

15!. 91 

43. 9S 

20. 

314.10 

02.83 

.125 

150.70 

44.3s 

.125 

318.10 

63.22 

.25 

159.48 

44.77 

.25 

322.00 

63.62 

.375 

162.29 

45.16 

.375 

320.05 

61.01 

.5 

165.13 

45.55 

.5 

330.06 

04.40 

.625 

167.99 

45.95 

.025 

334.10 

01.70 

.75 

170. s7 

46.34 

.75 

338.10 

or..  io 

.875 

173. 7S 

40.73 

.875 

312.25 

65.! 58 

15. 

170.71 

47.12 

21. 

346.36 

65.97 

.125 

17s. 07 

47.52 

.  1 25 

350.50 

66.37 

.25 

182.65 

47.01 

.25 

354.66 

OH.  7'-, 

.375 

185.66 

48.30 

.  375 

35^. si 

07.15 

..5 

lss.i',0 

Is. .i'.l 

.5 

303.05 

07.54 

.625 

101.75 

49.09 

.625 

307.28 

07.94 

.75 

10  I.  S3 

49.48 

.7-r) 

371.51 

08.33 

.S75 

107.03 

49.87 

.875 

375.  i>3 

68.72 

10. 

201.00 

50.27 

22. 

:;s0.l3 

00.12 

.125 

20  1.22 

50.66 

.125 

381.10 

00.51 

.25 

207.39 

51  .(15 

.25 

3ss.S2 

09.00 

.375 

210.60 

51.  11 

.375 

393.20 

70.29 

.5 

213.82 

51. si 

.5 

397.01 

70.09 

.112:. 

217. Os 

52.23 

.025 

402.04 

71.08 

.75 

22H.35 

52.62 

.75 

400. 10 

71.17 

.375 

223.65 

53.01 

.875 

110.07 

71  .sc, 

17. 

226.98 

53.11 

23. 

415.  Is 

72.20 

.125 

230.33 

53.80 

.125 

420.1)0 

72.05 

.25 

233.70 

51.10 

.25 

424.56 

73.04 

.375 

237.10 

54.59 

.3(35 

129. 13 

73.13 

.5 

210.53 

54.98 

.5 

4  33.71 

73.83 

.025 

213.98 

55.37 

.025 

438.36 

74.22 

.75 

247.45 

55.76 

.75 

443.01 

74.01 

.575 

250.95 

56.10 

.875 

-117.70 

75.00 

AREAS    AND    CIRCUMFERENCES    OF    CIRCLES. 


445 


Dinmeier. 

A  pea. 

Circum. 

Diameter.    | 

1 

Area. 

C  ire  urn. 

24. 

452.39 

75.  in 

30. 

700.80 

91.25 

.125 

•157.11 

75.79 

.125 

712.70 

91.04 

.25 

461 .86 

76.18 

.25 

718.09 

95.03 

.375 

166.64 

76.58 

.375 

724.64 

95.43 

.5 

471.44 

76.97 

.5 

730.62 

95.62 

.025 

476.26 

77.36 

.625 

730.02 

90. 21 

.75 

4S1  .11 

77.75 

.75 

742.64 

90.00 

*S75 

185.98 

78.15 

.675 

748.69 

97.00 

25. 

490.87 

7-.:.: 

31. 

75 1 . 77 

97.39 

.125 

495.80 

78.93 

.  1 25 

360.87 

97.7v 

.25 

500.74 

79.33 

.25 

766.99 

98.17 

.375 

505.71 

79.72 

.375 

773.11 

9S.  57 

.5 

51(1.71 

80.1  1 

.5 

779.31 

98.97 

.625 

515.72 

80.50 

.025 

785.51 

99.35 

.75 

520.77 

60.00 

.75 

701.73 

99 .  75 

.875 

525.84 

81.29 

.875 

797.98 

100.11 

20. 

530.93 

81.68 

32. 

804.25 

100.53 

.  1 25 

536.05 

82.07 

.125 

810.54 

100.92 

.25 

541.19 

82 . 1 7 

.25 

810.  v.; 

101.32 

.375 

546.36 

82.86 

.375 

823.21 

101.71 

.5 

551.55 

83.25 

.5 

829.58 

102.10 

.625 

556.76 

83.04 

.025 

835.97 

192.49 

.75 

562.00 

84.04 

.75 

642.39 

102.98 

.875 

507.27 

64.43 

.875 

848.83 

103.28 

27. 

572.56 

84.82 

33. 

865.30 

103.07 

.125 

577.67 

85.2J 

.125 

861. 79 

104.00 

.25 

583.21 

65.61 

.25 

668.30 

104.46 

.375 

588.57 

86.00 

.375 

674.84 

104.85 

.5 

593.96 

86.39 

.5 

881  .41 

105.21 

.625 

599,37 

86.79 

.0,25 

868.00 

105.04 

.75 

«'m)  1.81 

67.18 

.7"' 

891.02 

100.03 

.875 

610.27 

87.57 

.875 

901.25 

106.42 

28. 

615.75 

87.96 

34. 

907.92 

100. SI 

.125 

621 .26 

S8.36 

.125 

914.01 

107.21 

.25 

626.80 

.vs.  75 

.25 

921.32 

107.00 

.375 

632.36 

89.1  1 

.375 

928.06 

107.99 

.5 

637.94 

89.54 

.5 

934 .82 

108.39 

.625 

613.55 

89.93 

.025 

941.00 

108.78 

.7.'. 

649.18 

90.32 

.75 

94S. 42 

109.17 

;675 

654.84 

90.71 

.875 

955.25 

109.50 

29. 

660.52 

91.11 

35. 

902.11 

109.90 

.125 

666.23 

91 .50 

.125 

968.99 

110.35 

.25 

671 .96 

91.  X' 

.25 

975.91 

110.74 

.37.". 

677.71 

92.28 

.375 

962.84 

111.13 

.5 

663. 19 

92.68 

.5 

989.80 

11 1 .53 

.625 

669.30 

93.07 

.625 

996.78 

111.92 

.75 

695.13 

93.  16 

.75 

1003.79 

112.31 

.875 

700.98 

93.65 

.875 

1010.80 

112.70 

110 


-M1SCF.I.T,  WEOT'S     INFORMATION. 


Diameter. 

Area. 

Circuit). 

Diameter. 

Art- a. 

Cireutn. 

36. 

1017.8s 

113.10 

42. 

13s5.4 

131.9 

.125 

1021.  ("5 

113.49 

.125 

1393.7 

132.3 

.25 

1032.06 

113.88 

.25 

1402.0 

132.7 

.375 

1039.10 

11 1.28 

.375 

1410.3 

133.1 

.5 

10-16.35 

114.1.7 

.5 

1418.6 

133.5 

.625 

1053.52 

115.06 

.625 

1  127.0 

133.9 

.75 

1060.73 

115.15 

.75 

1 135.4 

131.3 

.375 

1067.95 

115.35 

.875 

1413.8 

134.7 

37. 

1075.2 

116.2 

43. 

1452.2 

135.1 

.125 

1082.5 

116.6 

.125 

1460.6 

135.5 

.25 

10S9.8 

117.0 

.25 

1469.1 

135.9 

.375 

1397.1 

117.4 

.375 

1  177.6 

136.3 

.5 

1101.5 

117.  S 

.5 

1  186.2 

136.7 

.625 

1111.8 

118.2 

.625 

1191.7 

137.1 

.75 

inc. 2 

118.6 

.75 

1503.3 

137.4 

.875 

1126.7 

119.0 

.875 

1511.9 

137.8 

33. 

1131.1 

119.4 

44. 

1520.5 

138.2 

.125 

1111.6 

119.8 

.125 

1529.2 

138.6 

.25 

1  149. J 

120.2 

.25 

1537.9 

139.0 

.375 

1156.6 

120.6 

.375 

1546.5 

139.4 

.5 

1161.2 

121.0 

.5 

1555.3 

139.3 

.025 

1171.7 

121.3 

.625 

1564.0 

1  10.2 

.75 

1179.3 

121.7 

.75 

1572.8 

140.6 

.375 

1186.9 

122.1 

.375 

1581.6 

141.0 

39. 

1191.6 

122.5 

45. 

1590.  1 

141.4 

.125 

1202.3 

122.9 

.125 

1596.3 

141.8 

.25 

1210.0 

123.3 

.25 

1608.2 

142.2 

.375 

1217.7 

123.7 

.375 

1617.0 

142.6 

.5 

1225.1 

124.) 

.5 

1626.0 

112.9 

.628 

1233.2 

124.5 

.625 

1631.9 

143.3 

.75 

1241.0 

124.9 

.75 

1643.9 

143.7 

.875 

1218.8 

125.3 

.375 

1652.9 

114.1 

40. 

1256.6 

125.6 

46. 

1661.9 

144.5 

.125 

1264.5 

126.0 

.125 

1671.0 

144.9 

.25 

1272.4 

126.4 

.25 

L680.0 

145.3 

.375 

1280.3 

126.8 

.375 

1689.1 

145.7 

.5 

1288.2 

127.2 

.5 

L698.2 

146.1 

.025 

L29B.2 

127.6 

.625 

1707.4 

146.5 

.75 

1304.2 

128.0 

.75 

1716.5 

146.9 

.875 

13)2.2 

123.4 

.875 

172'i.7 

147.3 

■11. 

l; 320. 3 

128.8 

47. 

1731.9 

147.7 

.125 

132^..'! 

129.2 

.  1  '25 

1711.2 

148.0 

.25 

1336.4 

129.6 

.25 

1758.5 

14S. 4 

.375 

1341.5 

130.0 

.375 

1762.7 

14S.8 

.5 

i:S.r)2.7 

130.4 

.5 

1 772 . 1 

149.2 

.625 

1360.8 

130.8 

.625 

1781.4 

149.6 

.75 

1369.0 

131.2 

.75 

1790.S 

150.0 

.875 

1377.2 

131.6 

.875 

1300.1 

150.4 

AREAS    AND    CIRCUMFERENCES    OF    CIRCLES. 


447 


1 

Diameter. 

Area. 

Circum. 

Diameter. 

Area. 

Circum. 

48. 

1809.6 

150.8 

54. 

2290.2 

169.6 

.125 

1S19.0 

151.2 

.125 

2300.8 

170.0 

.26 

1828.5 

151 .6 

.25 

2311.5 

170.4 

.375 

1837.9 

152.0 

.375 

2322.1 

170.8 

.5 

L847.5 

152.4 

.5 

2332.8 

171.2 

.625 

1857.0 

152.S 

.625 

2343.5 

171.6 

.75 

1866.5 

153.2 

.75 

2354.3 

172.0 

.875 

1876.1 

153.5 

.875 

2365.0 

172.3 

19. 

1885.7 

153.9 

55. 

2375.8 

172.8 

.125 

1895.4 

J  54. 3 

.125 

2386.6 

173.1 

.25 

1905.0 

151.7 

.25 

2397.;") 

173.6 

.375 

1914.7 

155.1 

.375 

2408.3 

173.9 

.5 

1924.4 

155.5 

.5 

2419.2 

174.4 

.625 

1931.1 

155.9 

.625 

2430.1 

174.7 

.75 

1943.9 

L36.3 

.75 

2441.0 

175.1 

.875 

1953.7 

156.7 

.875 

2452.0 

175.5 

50 . 

1963.5 

157.1 

56. 

2163.0 

175.9 

.125 

1973.3 

157.4 

.125 

2474.0 

176.3 

.25 

1983.2 

158.0 

.25 

2185.0 

176.7 

.375 

1993.0 

158.2 

.375 

2496.1 

177.1 

.5 

2003.0 

1  58 .  7 

.5 

2507.2 

177.5 

.625 

2012.8 

159.0 

.625 

2518.2 

177.8 

.75 

2(122.8 

159.4 

.75 

2529.4 

178.3 

.875 

2032. S 

159.8 

.875 

2.'i40.5 

178.6 

51. 

2042.8 

160.2 

57. 

2551.8 

179.1 

.125 

2052.8 

160.6 

.125 

2562.9 

1 79 .  1 

.25 

2062.9 

161.0 

.25 

2574.2 

179.9 

.375 

2072.9 

161.3 

.375 

2685.4 

180.2 

.5 

20S3.1 

161.8 

.5 

2596.7 

180.6 

.025 

20H3.2 

162.1 

.625 

26(^.') 

181.0 

.75 

2103.3 

162.6 

.75 

2619.4 

1M.4 

.875 

21)3.5 

162.9 

.875 

2630.7 

181.8 

52. 

2123.7 

163.4 

58. 

2642.1 

182.2 

.  1 25 

21.33.9 

163.7 

.125 

2653.4 

182.6 

.25 

2144.2 

164.1 

.25 

2664.9 

183.0 

.375 

2154.4 

164.5 

.375 

2676.3 

183.3 

.5 

2164.8 

164.9 

.5 

2687.8 

183.8 

.625 

2175.0 

165.3 

.625 

2699.3 

184.1 

.75 

218H.4 

165.7 

.75 

2710.9 

184.6 

.675 

2195.7 

166.1 

.875 

2722. 1 

184.9 

53. 

2206.2 

166.5 

59. 

2734.0 

185.4 

.125 

2216.6 

166.  S 

.125 

2745.5 

185.7 

.25 

2227.0 

167.3 

.25 

2757.2 

186.1 

.375 

2237.5 

167.6 

.375 

2763.8 

lbG.5 

.5 

2248.0 

16S.1 

.5 

2780.5 

186.9 

.625 

2258.5 

168.  1 

.625 

2792.2 

187. 3 

.75 

2269.0 

16s.!) 

.75 

2&03.9 

1^7.7 

.875 

2270.6 

169.2 

.875 

2815.6 

188.1 

448 


MISCELLANEOUS    INFORMATION. 


1  liameler. 

Area. 

Circum. 

1  diameter. 

Area. 

Circum. 

00. 

2827.4 

188.5 

CO. 

3121.2 

207.3 

.125 

2839.2 

188.8 

.155 

3431.1 

207.7 

.25 

2851 .0 

180.3 

.25 

34  4  7.2 

208.1 

.375 

2862.8 

189. 6 

.375 

3460.1 

208.5 

.5 

2874.8 

100.1 

.5 

3173.2 

208.9 

.625 

2886.6 

190.4 

.625 

3486.3 

200.3 

.75 

2b93.5 

190.9 

.78 

3400.1 

20H.7 

.875 

2910.6 

191.2 

.875 

3512.5 

210.0 

61. 

2922.5 

101  .0 

67. 

3525.fi 

210.5 

.125 

2934. 1 

192.0 

.  1 25 

18.8 

2 1  0 .  s 

.25 

2946.5 

192.4 

.25 

3552.0 

•ji  i.:: 

.375 

2958.5 

192.8 

.375 

3505.2 

211.6 

.5 

2970.6 

193.2 

.5 

3578.5 

212.1 

.025 

2982.6 

103.0 

.025 

3501.7 

212.1 

.7') 

2994.8 

194.0 

.75 

3605.0 

212.8 

.875 

3006.9 

ioi.:; 

.875 

3618.3 

213.2 

62. 

3010.1 

101.8 

68. 

3031.7 

•J  13.0 

.125 

3031.2 

105.1 

.  1 25 

3045.0 

21  1.0 

.25 

31113.5 

L95.6 

.25 

3658.  1 

2 1  1  .  1 

.375 

3055.7 

195.9 

.375 

3671 .« 

21  1.8 

.5 

306B.0 

196.3 

.5 

3685.3 

21- ">.2 

.625 

3080.2 

100.7 

.625 

3698.7 

215.5 

.75 

3092.6 

107.1 

.75 

3712.2 

215.9 

.875 

3104.8 

107.5 

.875 

3725.7 

2  Hi.  3 

63. 

3117.2 

107.0 

09. 

3730.3 

216.7 

.125 

3129.6 

108.3 

.125 

3752. 8 

217.1 

.25 

3142.0 

198.7 

.25 

3766.4 

217.5 

.375 

3154. 1 

199.0 

.375 

3780.0 

217.9 

.5 

3166.9 

100.5 

.5 

3703.7 

2  is.  3 

.  725 

3179.  1 

L99.8 

.625 

3807.3 

218.7 

.75 

3101.0 

200.3 

.75 

3821.0 

210.1 

.875 

3204. 1 

200.6 

.875 

3834.7 

210.5 

61. 

3217.0 

201.1 

70. 

3848.5 

219.9 

.125 

3229.5 

2D1.  1 

.  1  -.'5 

3862.2 

220.3 

.25 

3242.2 

20!  .8 

.25 

3876.0 

220.7 

.375 

3254.8 

202.2 

.375 

3889.8 

221.0 

.5 

3207.5 

202.6 

.5 

3903. 6 

221.5 

.625 

3280-1 

203.0 

.C25 

3917.4 

221.8 

.75 

3292.8 

203.4 

.75 

3031 .  1 

•>■>•>  •) 

.675 

3305.5 

203.6 

.875 

3015.2 

222.6 

65. 

3318.3 

204.2 

71. 

3959.2 

223.0 

.125 

3331.0 

204.5 

.125 

3973.1 

223.  I 

.25 

3313.0 

205.1) 

.25 

39S7.1 

223.8 

.375 

3356.7 

2H5.:; 

.375 

4001.1 

224.2 

.5 

3300.0 

205.8 

.5 

4015.2 

224.0 

.625 

33S2.4 

206.1 

.625 

4020.2 

225.0 

.75 

3395.3 

200. 0 

.75 

4043.3 

225.4 

.875 

3108.2 

200.0 

.875 

4057.4 

225.8 
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Diameter. 

Area. 

Ciretim. 

Diameter. 

Area. 

Ci  renin. 

72. 

4071.5 

226.2 

78. 

477S.4 

246.0 

.125 

4(185.6 

226.5 

.125 

4793.7 

245.4 

.25 

4009.8 

227.0 

.25 

4S09.0 

245.8 

.375 

4114.0 

227.3 

.375 

4824.4 

246.2 

.5 

4128.2 

227.7 

.5 

4839.8 

246.6 

.625 

4142.5 

228.1 

.625 

4855.2 

247.0 

.75 

4156.8 

228.5 

.75 

4870.8 

247.4 

.875 

4171.0 

228.9 

.875 

4886.1 

247.7 

73. 

4185.4 

229.3 

79. 

4901.7 

248.2 

.125 

4199.7 

229.7 

.125 

4917.2 

248.5 

.  25 

4214.1 

230.1 

.25 

19SZ.7 

219.0 

.375 

4228.5 

230.5 

.375 

4948.3 

249.3 

.5 

4212.9 

230.9 

.5 

4963.9 

249.8 

.625 

4257.:! 

231.3 

.625 

4979.5 

250.1 

.75 

4271.8 

231.7 

.75 

4995.2 

250.5 

.875 

4286.3 

232.0 

.875 

5010.8 

250.9 

74. 

4300. 8 

232.5 

80. 

5026.5 

251.3 

.125 

4315.3 

232.8 

.125 

5042.2 

251.7 

.25 

4329.9 

23:;.:: 

.25 

5058.0 

252.1 

.375 

4344.5 

233 . 6 

.375 

5073.7 

252.5 

.5 

4359.2 

234.0 

.5 

5089.6 

252.9 

.625 

4373.8 

234.4 

.625 

5105.4 

253.3 

.75 

1388.5 

234.8 

.75 

5121.2 

253.7 

.875 

4403.1 

235.2 

.875 

5137.1 

254:1 

75. 

4417.9 

235 . 6 

81. 

5153.0 

254.5 

.125 

4432.6 

236.0 

.125 

5168.9 

254.9 

.25 

4447.4 

236.4 

.25 

51S4.9 

255.3 

.375 

4462.1 

236.7 

.375 

5200.8 

255.6 

.5 

4477.0 

237.2 

.5 

5216. S 

256.0 

.625 

449 l.S 

237.5 

.625 

5232.8 

256.4 

.75 

4506.7 

23S.0 

.75 

5245.9 

256.8 

.875 

4521.5 

238.3 

.875 

6264.9 

257.2 

76. 

4536.5 

238.8 

82. 

5281.0 

257.6 

.125 

4551.4 

239.1 

.125 

5297.1 

258.0 

.25 

4566.4 

239.5 

.25 

5313.3 

258.4 

.375 

4581.3 

239.9 

.375 

5329.4 

258.8 

.5 

4696.3 

240.3 

.5 

5345.6 

259.4 

.625 

4611.3 

240.7 

.625 

5361.8 

259.6 

.75 

4626.4 

241.1 

.75 

5378.1 

260.0 

.875 

4641.5 

241.5 

.875 

5894.3 

260.4 

77. 

4656.6 

241.9 

S3. 

5410.6 

260.8 

.125 

4671.7 

242.2 

.125 

5426.9 

261.1 

.25 

4686.9 

242.7 

.25 

5443.3 

261.5 

.375 

4702.1 

243.0 

.375 

5469.0 

261.9 

.5 

4717.3 

243.5 

.5 

5476.0 

262.3 

.625 

4732.5 

243.8 

.625 

5192.4 

262.7 

.75 

4747.8 

24 1 . :; 

.75 

5508.8 

263.1 

.875 

4763.0 

244.6 

.875 

5525.3 

263.5 

29 

130 


-MISCELLANEOUS    INFORMATION. 


Diameter. 

Area. 

C'ireum. 

Diameter. 

Area. 

Circum. 

84. 

5541.8 

263.9 

90. 

6361.7 

282.7 

.125 

555S.:: 

264.3 

.125 

6379.4 

283.1 

.25 

5574.8 

264.7 

.25 

6397.1 

283.5 

.375 

5591.3 

265.0 

.375 

6414.8 

283.9 

.5 

5607.9 

265.5 

.5 

6432.6 

284.3 

.625 

5624.5 

265.8 

.625 

6450.4 

284.7 

.75 

5641.2 

266.2 

.75 

6468.2 

285.1 

.875 

5657.8 

260.6 

.875 

61S6.0 

2  s;..;. 

85. 

5674.5 

267.0 

91. 

6503.9 

285.9 

.125 

5691.2 

267.4 

.125 

6.-)  2 1.7 

2S6.3 

.25 

5707.9 

267.8 

.25 

6639.7 

286.7 

.375 

5724.6 

268.2 

.375 

6557.6 

287.1 

.5 

5741.5 

268.6 

.5 

6575.5 

287.5 

.625 

5758.2 

268.9 

.625 

6593.5 

287.8 

.75 

5775.1 

269.4 

.75 

6611.5 

2SS.2 

.875 

5791.9 

269.7 

.875 

66211..'! 

288.6 

86. 

5808.8 

270.2 

92. 

6617.6 

289.0 

.125 

5825.7 

270.5 

.125 

666.">.  7 

289.4 

.25 

5842.6 

271.0 

.25 

6683.8 

289.8 

.375 

5859.5 

271.3 

.375 

6701.9 

290.2 

.5 

5876.5 

271.7 

.5 

6720.1 

290.6 

.625 

5893.5 

272.1 

.625 

6738.2 

291.0 

.75 

5910.6 

272.5 

.75 

6756. 1 

291.4 

.875 

5927.6 

272.9 

.875 

6774.7 

291.S 

87. 

5941.7 

27:;.:; 

93. 

6792.9 

292.2 

.125 

5961.7 

273.7 

.125 

6811.1 

292.6 

.25 

5978.9 

274.1 

.25 

6829.5 

293.0 

.375 

5996.0 

274.4 

.375 

6847. S 

293.4 

.5 

6013.2 

2749 

.5 

6866.1 

293.7 

.625 

6030.4 

275.2 

.625 

6845.5 

294.1 

.75 

6047.6 

275.7 

.75 

6902.9 

291.5 

.875 

6064.8 

276.0 

.875 

6921.3 

294.9 

88. 

6082.1 

276.5 

94. 

6939.8 

295.3 

.125 

6099.4 

276.8 

.125 

6958.2 

295.7 

.25 

6116.7 

277.2 

.25 

6976.7 

296.1 

.375 

6134*0 

277.6 

.375 

6995.2 

296.5 

.5 

6151.4 

27S.(i 

.5 

7013.8 

21)6.9 

.625 

6168.8 

278.4 

.625 

7D32.3 

297.3 

.75 

6186.2 

27S.S 

.75 

7051.0 

297.7 

.875 

6203.6 

279.2 

.875 

7069.5 

298.1 

89. 

6221.1 

279.6 

95. 

70S8.2 

298.5 

.125 

6238.6 

280.0 

.125 

7106.9 

298.8 

.25 

6256.1 

280.4 

.25 

7125.6 

299.2 

.375 

6273.6 

280.8 

.375 

7144.3 

299.6 

.5 

6291.2 

281.2 

.5 

7163.0 

300.0 

.625 

6308.8 

281.6 

.625 

7181.8 

300.4 

.75 

6326.4 

282.0 

.75 

7200.6 

300.8 

.875 

6344.0 

282.3 

.875 

7219.4 

301.2 
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Diameter. 


Area. 


Ci  renin. 


Diameter. 


Area. 


Cireum. 


96. 

7238.2 

301.6 

9b. 

7543.0 

307.9 

.125 

7257.1 

302.0 

.125 

7562.2 

308.3 

.25 

7276.0 

302.4 

.25 

7581.5 

308.7 

.375 

7294.9 

302.  S 

.375 

7t;oo.s 

309.0 

.5 

7313. S 

303.2 

.5 

7620.1 

.025 

7332.8 

303.5 

.ii25 

7639.4 

309.8 

.75 

7351.8 

303.9 

.75 

7>-,5s.9 

310.2 

.S75 

7370.7 

304.3 

.875 

7678.2 

310.6 

97. 

7389.8 

304 . 7 

99. 

7697.7 

311.0 

.125 

7408.8 

305.1 

.125 

7717.1 

311.4 

.25 

7428.0 

305.5 

.25 

7736.6 

311.8 

.375 

7147.0 

305.9 

.375 

7756.1 

312.2 

.5 

7466.2 

306.3 

.5 

7775.6 

312.6 

.625 

743.r>.H 

306.7 

.625 

7795.2 

313.0 

.75 

7504.5 

307.1 

.75 

781  1.8 

313.4 

.875 

7523.7 

307.5 

.875 

7834.3 

'  313.8 

100. 

7554.0 

314.2 

TO  FIND  THE  AREA  OF  A  CIRCULAR  SEGMENT. 

Divide  the  height  of  the  segment  by  the  diameter  of  the  circle,  and  look  for 
the  quotient  in  the  column  H.  in  the  following  table,  opposite  to  which  will  be 
found  a  number  in  column  Area,  which  multiplied  by  the  square  of  the  diame- 
ter will  give  the  area  of  the  segment.  Should  the  height  of  the  segment  be 
greater  than  half  the  diameter,  find  the  area  of  the  remaining  segment,  and  sub- 
tract this  from  the  area  of  the  whole  circle. 


H. 

Area. 

H. 

Area. 

H. 

Area. 

H. 

Area. 

.10 

.001329 

.14 

.066833 

.27 

.171089 

.40 

.2933(  \9 

.02 

.003745 

.15 

.073374 

.28 

.180019 

.41 

.3031S7 

.03 

.006866 

.16 

.081112 

.29 

.W.»047 

.42 

.313041 

.01 

.010537 

.17 

.(in-5535 

.30 

.198168 

.43 

.322928 

.05 

.014681 

.18 

.096131 

.31 

.207376 

.44 

.332843 

.06 

.019239 

.19 

. 1 03900 

.32 

.216666 

.45 

.312782 

.07 

.024168 

.20 

.111823 

.33 

.226033 

.46 

.352742 

.08 

.029435 

.21 

.119397 

.34 

.235473 

.47 

.362717 

.09 

.035011 

.22 

.128113 

.35 

.244939 

.48 

.372704 

.10 

.040876 

.23 

.136465 

.36 

.254550 

.49 

.382699 

.11 

.047005 

.24 

.144911 

.37 

.261178 

.50 

.392699 

.12 

.053385 

.25 

.153546 

.38 

.273361 

.001 

.000042 

.13 

.059999 

.26 

.162263 

.39 

.283592 

.002 

.000112 

452 


CHAP.    XV. MISCELLANEOUS    INKOKMATION. 

POWERS — ROOTS — CIRCLES. 


No. 

Square. 

Cube. 

Sq.  Root. 

Cu.  Root. 

Area. 

Circum. 

1 

1 

1 

1.000 

1.000 

0.7854 

3.1410 

2 

4 

8 

1.111 

1.200 

3. inn 

6.2S32 

3 

9 

27 

1.732 

1.442 

7.0686 

9.42  1s 

4 

ir, 

64 

2.000 

1.587 

12.5664 

1-2. 5001 

5 

25 

125 

2.236 

•1.710 

19.6350 

1:"'.7080 

0 

36 

216 

2.449 

1.817 

28.2713 

18.8496 

7 

49 

343 

2.646 

1.913 

38.4846 

21.991] 

8 

64 

512 

2.828 

2.000 

50.2655 

25 . 1 327 

9 

81 

729 

3.000 

2.080 

63.0173 

28.2713 

11) 

100 

1000 

3.162 

2.154 

78.5398 

31.4159 

11 

121 

J  331 

3.317 

2.224 

95.0332 

34.5575 

12 

144 

1728 

3.464 

2.2?>9 

113.0973 

37.0901 

13 

169 

2197 

3.606 

2.351 

132.7323 

40.8407 

14 

196 

2744 

3.742 

2.410 

153.9380 

43.9823 

15 

225 

'3375 

3.873 

2.466 

176. "MO 

47.12::o 

16 

256 

4096 

4.000 

2.520 

201.0019 

50. 21  15.-. 

17 

2S9 

49]  3 

4.123 

2.571 

226.9801 

53.4071 

18 

324 

5832 

4.243 

2.621 

254.4690 

56.5487 

19 

361 

6859 

4.359 

2.668 

283.52b7 

59.»i903 

20 

400 

8000 

4.472 

2.714 

314.1593 

02.8319 

21 

441 

9261 

4.583 

2.759 

346.3606 

65.9734 

2-2 

484 

10648 

4.690 

2.802 

380.1327 

69.1150 

23 

529 

12167 

4.796 

2.844 

415.4750 

72.250)0 

24 

576 

13824 

4.899 

2.884 

452.3893 

75.3982 

25 

625 

15625 

5. i 

2.924 

490.S739 

78.5398 

26 

676 

17576 

5.099 

2.962 

530. 9'.".  12 

S1.G814 

27 

729 

19683 

5.196 

3.000 

572.5552 

84.8230 

28 

784 

21952 

5.292 

3.037 

615.7522 

87.9til0 

29 

841 

24389 

5.385 

3.072 

660.5199 

91.1062 

30 

900 

27000 

5.477 

3.107 

7(10.8583 

94.24  78 

31 

961 

29791 

5.568 

3.141 

751.7071) 

97.3894 

32 

1024 

3270S 

5.657 

3.175 

SO  1.2  177 

100.5310 

33 

10S9 

35937 

5.745 

3.208 

855.29S0 

103.6726 

34 

1156 

39304 

5.831 

3.240 

907.9203 

100.S] 12 

3f) 

]  225 

42875 

5.916 

3.271 

962.1128 

100.9557 

36 

1296 

46656 

6.000 

3.302 

1017.8760 

113.0073 

37 

1369 

50653 

6.083 

3.332 

1075.2101 

110.2389 

38 

1444 

54872 

6.164 

3.302 

1134.1149 

iio.::s05 

39 

1521 

59319 

6.245 

3.391 

1194.5906 

122.5221 

40 

16.00 

64000 

6.325 

3.420 

1256.6370 

1 '.'5.0037 

41 

1681 

68921 

6.403 

3.448 

1320.2513 

128.8053 

42 

1764 

740&8 

6.481 

3.476 

1385.  11 24 

131.9169 

43 

1849 

79507 

6.557 

3.503 

1452.2012 

13 '..0885 

44 

1936 

85184 

6.633 

3.530 

1520.5308 

138.2301 

45 

2025 

01125 

6.708 

3.557 

1500.4313 

111.3717 

46 

2116 

97336 

6.782 

3.583 

1061.9025 

144.5133 

47 

2209 

103823 

6.856 

3.609 

1731.0115 

14 7. 6549 

48 

2304 

1 1 0592 

6.928 

3.634 

1809.5571 

150.7004 

49 

2401 

117649 

7.000 

3.659 

lNs5.7410 

153.9380 

50 

2500 

125000 

7.071 

3. 684 

1903.4954 

157.0796 

POWERS  —  ROOTS CIRCLES. 


4M 


No. 

Square. 

Cube. 

Sq.  Root. 

Cu.  Root. 

Area. 

Circum. 

SI 

2601 

13265] 

7.141 

3.708 

2042.8206 

160.2212 

52 

•2701 

140608 

7.211 

3.733 

2123.7166 

163.3628 

53 

2809 

14N877 

7.280 

3.756 

2206.1834 

166.5044 

54 

2916 

157164 

7.348 

3.780 

2290.2210 

169.6460 

55 

3025 

166375 

7.416 

3.803 

2375.8294 

172.7876 

56 

3136 

17.r)6l'i 

7.483 

3.826 

2463.0086 

175.9292 

57 

3249 

185193 

7.550 

3.849 

2551 .7586 

179.070s 

58 

3364 

195112 

7.616 

3.871 

2612.0794 

182.2124 

59 

3481 

205379 

7.681 

3.893 

2733.9710 

185.3540 

60 

3600 

216000 

7.746 

3.915 

2827.4331 

188.4956 

61 

3721 

2126981 

7. 810 

3.936 

2922.4666 

191.6372 

62 

38 1 1 

238328 

7.874 

3.958 

3019.0705 

194.7787 

63 

3969 

250047 

7.937 

3.979 

3117.2453 

197.9203 

64 

4096 

2621 14 

S.000 

4.000 

3216.9909 

201.0619 

65 

4225 

271625 

S.062 

4.021 

33  is. 3072 

201.2035 

66 

4356 

287496 

8.124 

4.041 

3421.1944 

207.3451 

67 

4489 

300763 

8 . 1 85 

4.062 

3525.6524 

210.4867 

6S 

4624 

314432 

8.246 

4.082 

363 1.6s 11 

213.6283 

69 

4761 

32»509 

8.307 

4.102 

3739.2807 

216.7699 

70 

4900 

343000 

8.367 

4.121 

3848.4510 

219.9115 

71 

5041 

357911 

8.426 

4.141 

3959.1921 

223.0531 

7-2 

5184 

373218 

8.485 

4.160 

4071.5041 

226.1947 

7.3 

5329 

389017 

8.544 

4.179 

4185.3868 

229.3363 

74 

5476 

405221 

8.602 

4.198 

4300.8403 

232.4779 

75 

5625 

42l>75 

8.660 

4.217 

4417.8(547 

235.6191 

76 

5776 

138976 

8.718 

4.236 

4536.459S 

238.7610 

77 

5929 

456533 

8.775 

4.254 

4656.6257 

241.9026 

78 

6084 

474552 

8.832 

4.273 

4778.3624 

245.0442 

79 

624  1 

493030 

8.888 

4.291 

4901.6699 

248.1858 

80 

6400 

512000 

8.944 

4.309 

5026. 5482 

251.3274 

81 

6561 

531441 

9.000 

4.327 

5152.9974 

254.4690 

82 

6724 

551368 

9.055 

4.344 

5281 .0173 

257.6106 

83 

6889 

571787 

9.110 

4.362 

5410.6079 

260.7522 

SI 

7056 

592704 

9.165 

4.380 

5541.7694 

263.8938 

85 

7225 

614125 

9.220 

4.397 

5674.5017 

267.0354 

86 

7396 

636056 

9.274 

4.414 

5808.8048 

270.1770 

87 

7569 

65S503 

9.327 

4.4r.! 

5944.6787 

273.3186 

88 

7744 

68 14 72 

9.3S1 

4.448 

6082.1234 

276.4602 

89 

7921 

704969 

9.431 

4.465 

6221.1389 

279.6017 

90 

8100 

729000 

9.487 

4.481 

6361.7251 

282.7433 

91 

8281 

753571 

9.539 

4.49S 

6503.8822 

2S5.S849 

92 

8464 

778688 

9.592 

4.514 

6647.6101 

289.0265 

93 

8649 

804357 

9.611 

4.531 

6792.9087 

292.1681 

94 

8836 

830524 

9.695 

4.547 

6939.7782 

295.3097 

95 

9025 

857375 

9.747 

4.563 

7088.21S4 

298.4513 

96 

92)6 

884736 

9.798 

4.579 

7238.2295 

301.5929 

97 

9409 

912673 

9.849 

4.595 

7389.8113 

304.7345 

98 

9604 

941192 

9.SH9 

4.610 

7542.9640 

307.8761 

99 

9^01 

970299 

9.950 

4.626 

7697.6874 

311.0177 

100 

10000 

1000000 

10.000 

4.662 

7853.9816 

314.1593 

454 


CHAT.    XV. MISCELLANEOUS    INFORMATION. 


No. 

Square. 

Cube. 

Sq.  Root. 

Cu.  Root. 

Area. 

Circum. 

101 

10201 

1030301 

10.050 

4.657 

8011.*  17 

317.301 

L02 

10404 

1061201 

10.100 

4.072 

8171.282 

320.442 

103 

10009 

1092727 

10.149 

4.668 

6332.289 

323.584 

104 

IO816 

1124*64 

10.198 

4.703 

8494.867 

326.726 

105 

11025 

1157625 

10.217 

4.718 

S659.0J5 

329.867 

100 

1123G 

1191016 

10.296 

4.733 

6824.734 

333.009 

107 

11449 

1225013 

10.311 

4.747 

8992.024 

336.150 

108 

11664 

1259712 

10.392 

4.762 

9160.884 

339.292 

109 

11881 

1295029 

10.440 

4.777 

9331.316 

342.434 

110 

12100 

1331000 

10.488 

4.791 

9503.318 

345.575 

111 

L2321 

1367631 

10.536 

4.806 

9070.891 

348.717 

112 

12544 

1404928 

10.583 

4.820 

9852.035 

351. 858 

113 

12769 

1442*97 

10.630 

4.835 

1002S. 749 

355.000 

111 

12996 

1481544 

10.677 

4.849 

10207.035 

358.142 

US 

13225 

1520875 

10.724 

4.863 

10386.891 

301.283 

116 

13156 

1560*96 

10.771 

4.877 

10568.318 

364.425 

in 

136S9 

1601613 

10.817 

4.891 

10751.315 

367.566 

as 

13924 

1643032 

10.803 

4  .905 

10935.884 

370.708 

119 

14161 

1685159 

10.90!) 

4.919 

11122.023 

373.*  10 

120 

14400 

172*000 

10.954 

4.932 

11309.734 

376.991 

121 

14641 

1771561 

11.000 

1.946 

11  100.01:') 

380.133 

122 

148*4 

1*15848 

11.015 

4.960 

L 1689.866 

383.274 

123 

15129 

1660867 

11.091 

4.973 

11**2.2*9 

386.416 

124 

15376 

1906624 

11.136 

4.987 

12076.282 

3*9.557 

125 

15625 

1953125 

11.180 

5.000 

12271 .846 

392.699 

126 

L5876 

20003711 

11.225 

5.013 

12468.981 

395.841 

127 

16129 

204*3*3 

1 1 .269 

5.027 

12667.687 

398.982 

L2S 

L638J 

2097152 

11.314 

5.040 

12867.963 

402.123 

129 

L6641 

21406*9 

11 .358 

5.053 

W069.611 

405.265 

130 

16900 

219700O 

11.402 

5.066 

13273.229 

108.407 

131 

17161 

2248091 

11.446 

5.079 

13478.218 

411.549 

132 

17424 

221)9968 

11.489 

5.092 

13684.778 

414.090 

133 

176&9 

2352637 

L1.533 

5.101 

13692.908 

417.832 

134 

17956 

2406104 

11.576 

5.117 

14102.000 

420.973 

135 

18225 

2100375 

11.619 

5.130 

14313.862 

421.115 

13f> 

18496 

2515456 

11 .662 

5.143 

14526.724 

427.257 

137 

18769 

2571353 

11 .705 

5.155 

14711.138 

430.398 

L3S 

1'.  10 11 

262B072 

11.717 

5.108 

14956.123 

133.540 

139 

19321 

26*5610 

11.790 

5.1*0 

15171. I'm* 

436.0*1 

1  in 

19600 

2744000 

11.832 

5.102 

1 539':.  604 

439.823 

111 

19**1 

2803221 

1 1 .874 

5.205 

J  561 4.501 

442.905 

142 

20164 

2863288 

11.916 

5.217 

15836.769 

4  10.100 

143 

20449 

2924207 

1 l .958 

5.229 

10060.007 

446.248 

Ml 

20736 

29859* 1 

12.000 

5.241 

16266.016 

452.3*9 

L45 

21025 

3048625 

12.042 

5.254 

16512.996 

455.531 

L46 

21316 

3112136 

12.0*3 

5.266 

107  11  .540 

456.673 

147 

2)609 

3170523 

12.124 

5.278 

ill!)  7  1.009 

461.814 

148 

219^4 

3241792 

12.166 

5.290 

17203.361 

464.950 

1  19 

22201 

3307949 

12.207 

5.301 

17430.025 

468.097 

150 

22500 

3375000 

12.247 

5.313 

17671.459 

471.239 

POWERS ROOTS CIRCLES. 


455 


No. 

Square. 

Cubo. 

Sq.  Hoot. 

Cu.  Hoot. 

Area. 

Circum. 

151 

22801 

8442961 

12.288 

5.325 

17907. sci 

474.380 

152 

23104 

3511808 

12.329 

5.337 

18145.839 

477.522 

153 

2340.9 

3581577 

12.369 

'  5.348 

18385.386 

180.664 

154 

23716 

3652261 

12.410 

5.360 

18626.503 

183805 

15.) 

24025 

3723875 

12.450 

5.372 

18869.191 

486.947 

150 

24336 

3796416 

12.490 

5.3S3 

19113.450 

4  90.088 

157 

,24649 

3869893 

1 2.530 

5.395 

19359.279 

493.230 

158 

24964 

3944312 

12.570 

5.406 

19606.680 

496.372 

15!) 

25281 

4019679 

12.610 

5.418 

1  '.1855.651 

499.513 

160 

25600 

4096000 

12.650 

5.429 

20106.193 

502.655 

liil 

25921 

4173281 

12.689 

5.440 

20358.306 

505.706 

162 

2624  1 

4251528 

12.728 

5.451 

20611.089 

508.938 

in:; 

26569 

4330747 

12.767 

5.463 

2(1867.214 

512.080 

llil 

26896 

4410944 

12.806 

5.174 

21124.060 

515.221 

165 

2  7  J  2  5 

1402125 

12.845 

5.485 

21382.465 

518.363 

166 

27556 

4574296 

12.884 

5.496 

21642.432 

521.504 

167 

27889 

4657463 

12.923 

5.507 

21903.969 

524.616 

168 

28224 

4741632 

12.961 

5.518 

22167.078 

527.788 

169 

28561 

4S26S09 

13.000 

5.529 

22431.757 

530.929 

170 

28900 

4913000 

13.038 

5.540 

22698.007 

534.071 

171 

2924  1 

5000211 

13.(177 

5.550 

22965.824 

537.212 

172 

29584 

508844 8 

13.115 

5.561 

23235.219 

540.354 

173 

29929 

5177717 

13.153 

5.572 

23506.182 

543.496 

171 

30276 

526SH24 

13.191 

5.583 

23778.715 

546.637 

175 

30625 

5359375 

13.229 

5.593 

24052.819 

549.779 

176 

30976 

5451776 

13.226 

5.604 

24328.493 

552.920 

177 

31329 

5;  15233 

13.304 

5.615 

24605.739 

556.062 

17S 

31684 

5639752 

13.342 

5.625 

24884.555 

569.203 

171) 

3204  l 

5735339 

13.379 

5.636 

25164.943 

562.345 

ISO 

32400 

5832000 

13.416 

5.646 

25446.900 

565.487 

1SI 

32761 

5929741 

6028568 

13.454 

5.657 

25730.429 

568.628 

1S2 

33124 

13.491 

5.667 

26015.529 

571.770 

is;; 

33489 

6128487 

13.528 

5.677 

26302.199 

574.911 

184 

33856 

6229504 

13.565 

5.688 

26590,110 

578.053 

185 

34225 

6331625 

13.601 

5.698 

26880.252 

581.195 

lsii 

34596 

6434856 

13.638 

5.708 

27171.635 

584.336 

187 

34969 

653920:; 

13.675 

5.718 

27464.588 

587.478 

188 

35344 

(1641672 

13.714 

5.729 

27759.1  13 

590.619 

1  SO 

3572] 

6751260 

13.748 

5.739 

28055.208 

593.761 

190 

36100 

6850(100 

13.784 

5.749 

28352.874 

596.903 

191 

36481 

6967871 

13.820 

5.759 

28652.11(1 

600.044 

192 

36864 

7077888 

13.856 

5.769 

28952.918 

603.186 

193 

37249 

7189057 

13.892 

5.779 

29225.296 

606.327 

194 

37636 

7301. ".si 

13.928 

5.789 

29559.245 

609.469 

195 

38025 

7414875 

L3.964 

5.799 

29864.765 

612.611 

196 

38416 

7529536 

14.00(1 

5.809 

30171. S56 

615.752 

197 

38809 

7645373 

1  1.036 

5.819 

30480.517 

618.894 

198 

39204 

7762392 

14.071 

5.828 

30790.749 

622.035 

199 

39601 

7880599 

14.107 

5.838 

3 1102.553 

625.177 

200 

10000 

8000000 

14.142 

5.848 

31415  927 

62S.319 

I5fl 


(HA  I*.    XV. MISCKLLANKOTS    INFORMATION. 


NTo. 

Square. 

Cube. 

Sq.  Root. 

Cu.  Root. 

Area. 

Cireuiu. 

-in 

40401 

812060] 

14.177 

5.858     | 

31730v871 

631.100 

20j 

10804 

B242408 

1  1.213 

5.867     : 

32047.386 

634.602 

203 

U209 

65427 

14.248 

5.877 

32365.473 

0:i7.7l.". 

204 

41616 

8489684 

14.283 

5.887 

32685.129 

640.885 

205 

42025 

Mil  51 25 

11.318 

5.896 

33006.358 

61 1.028 

208 

42436 

8741816 

1 4.353 

5.900 

33329.156 

6 17.  ins 

207 

12849 

8869743 

14.3S7 

5.915 

33653.526 

050.310 

208 

43264 

8998912 

14.422 

5.925 

33979.468 

653.452 

209 

43681 

'.U23329   1 

14.457 

5.934 

34306.077 

656.593 

210 

411110 

9261000 

14.491 

5.944 

34036.059 

659.734 

211 

44521 

9393931 

14.526 

5.953 

34966.712 

662.876 

212 

•1  1944 

9528128 

14.560 

5.963 

35298.936 

666.018 

218 

15369 

9663597 

14.595 

5.9  72 

35632.729 

669.159 

21  1 

45796 

9800344 

14.629 

5.9S1 

35968.096 

672.300 

215 

16225 

9938375 

14.663 

5.991 

36305.060 

675.442 

216 

46656 

10077696 

14.687 

6.000 

36643.536 

678.584 

217 

47089 

10218313 

I  1.731 

0.009 

36983.614 

OS  1.726 

218 

47524 

10360232 

14.765 

6.0  IS 

37325.264 

684.868 

21!) 

47961 

1050.",  159 

14.799 

6.028 

37668.480 

688.008 

220 

48400 

1O64S0O0 

14.832 

6.037 

38013.271 

691.150 

221 

48841 

L0793861 

14.868 

6.046 

38859^682 

694.292 

222 

19284 

1094 10  is 

14.900 

6.055 

38707.564 

697.434 

223 

49729 

1 1089567 

1  1.933 

0.00  1 

39057.069 

700.575 

224 

50170 

11239424 

14.967 

0.07:'. 

39408.1  10 

703.716 

225 

50625 

1 1390625 

15.000 

6.082 

39760.782 

706.858 

226 

51070 

11 54::  170 

15:033 

0.091 

4011  1.990 

710.000 

227 

51529 

11697083 

15.067 

6.100 

40470.782 

713.111 

228 

51984 

l 1 852852 

15.100 

6.109 

40828.140 

716.284 

229 

52441 

L2008989 

15.133 

6.11S 

41187.065 

719.121 

230 

52000 

12167000 

15.166 

0.127 

41547.563 

722.566 

23] 

53361 

12326391 

15.199 

6.136 

41909.631 

725.707 

232 

S3  124 

12487168 

15;232 

0.1  15 

4227:1.272 

728.850 

233 

54289 

L2649337 

15.264 

0. 1 53 

42638.481 

7.U.991 

284 

54756 

1281290  1 

15.297 

6.162 

43005.260 

7:15.132 

235 

55225 

12977875 

L5.330 

6. 1  7  1 

43373.61  1 

7".S.274 

23(1 

55698 

131  11250 

15:362 

0.1  SO 

13743.536 

711.416 

237 

56109 

13312053 

15.395 

0. 1  ss 

4  1115.029 

714.557 

238 

56644 

13481272 

15.427 

0.-197 

44ISS.092 

717.698 

239 

57121 

13651919 

15.  160 

0.200 

44862.728 

750.S4I 

210 

57600 

13821000 

15.492 

0.214 

45238.934 

753.982 

241 

58081 

L3997521 

15.524 

0.22:; 

45616.710 

757.124 

242 

58564 

1 1172  1 88 

15.550 

6.232 

45996.060 

760.266 

243 

59049 

1  1348907 

15.588 

6.240 

46376.976 

763.407 

244 

59538 

14526784 

15.620 

6.249 

46759.105 

700.548 

245 

60025 

14706125 

15.652 

6.257 

47143. 525 

769.090 

246 

60516 

!  14886936 

15.684 

6.266 

47529.155 

772.S32 

247 

61009 

15069223 

15.716 

6.274 

47916.356 

775.973 

218 

61504 

15252992 

15.748 

6.283 

48305.129 

779.115 

249 

62001 

15438249 

15.780 

6.291 

48695.741 

782.257 

250 

62500 

15025000 

15.811 

6.300 

49087. :iS5 

785.398 

POWKRS ROOTS CIRCLES. 


457 


No. 

Square. 

Cube. 

Sq.  Root. 

Cu.  Root. 

Area. 

Circum. 

"  1 
251 

630H1 

15813251 

15.843 

6.308 

49480.870 

7SS.540 

252 

6350  I 

16003008 

15.875 

0.310 

19875.925 

791.681 

253 

644)09 

16104277 

15.906 

6.325 

50272.550 

794.823 

254 

64516 

16387064 

15.937 

6.333 

50670.748 

797.964 

255 

66025 

16581375 

15.909 

6.341 

5 1070. 5  10 

sol. 106 

256 

66536 

16777216 

16.000 

6.350 

.".1171  .854 

804.248 

25  7 

Cl'.ll  19 

16974593 

16.031 

6.358 

51*  74.763 

807.389 

258 

66564 

L7173512 

10.002 

6.366 

52279.243 

Mi*.  531 

259 

67081 

17373979 

lo.oo:; 

6.374 

52685.294 

SI  3.0  72 

260 

S7600 

L7576000 

Hi. 125 

6.383 

53092.916 

S10.S1  1 

261 

68121 

17779681 

16.155 

6.391 

53602.109 

SI  9.956 

262 

686 !  1 

17984728 

16.  ISC, 

6.399 

53912.872 

823.097 

263 

69169 

18191447 

16.217 

6.407 

54325.205 

826.239 

264 

69696 

18399744 

16.248 

6.415 

54739.11H 

829.380 

265 

70225 

L8609625 

10.279 

6.423 

55154.586 

832.522 

266 

70756 

L8821096 

16.310 

6.431 

55571 .632 

835.664 

267 

71289 

L9034163 

16.340 

6.439 

55990.250 

838.805 

268 

71824 

19248832 

10.371 

6.447 

56410.438 

841.947 

269 

72361 

19465109 

16.401 

6.455 

56832.196 

S  15. OSS 

270 

72900 

1968:;ooo 

16.432 

6.  163 

57255.526 

848.230 

271 

73441 

19002511 

16.462 

6.471 

57080.426 

851.372 

272 

73984 

20123648 

16.492 

0.479 

58106.898 

854.513 

273 

74529 

20346117 

16.523 

6.487 

58534.940 

S  57. 655 

274 

76076 

20570824 

16.553 

6.495 

5S90  1.552 

800.797 

275 

75625 

20796875 

16.5  s:; 

6.503 

59395.736 

S03.938 

276 

76176 

2102-157H 

10.013 

6.511 

59824.490 

S07.080 

27  7 

76729 

21 2539:;:; 

16.643 

6.519 

60260.815 

870.221 

278 

77284 

21484952 

16.678 

0.527 

00098.711 

873.363 

279 

77841 

21717639 

16.703 

6 .  534 

61136.178 

876.484 

280 

78400 

21952000 

16.733 

6.542 

61575.210 

879.646 

281 

78961 

22188041 

16.763 

6.550 

62015.824 

882.788 

282 

79524 

22425768 

16.793 

6.558 

62458.003 

885.929 

2S3 

80089 

22665187 

16.823 

6.565 

029H1.75:; 

889.071 

2S4 

80656 

22906304 

16.S52 

6.573 

63347.074 

S92.212 

285 

81225 

23149125 

16.S82 

6.5S1 

63793.966 

S95.354 

286 

B1796 

23393656 

16.912 

6.5S9 

64242.428 

898.495' 

287 

82369 

23639903 

16.941 

6.596 

04091'.  101 

901.637 

288 

82944 

23887872 

16.971 

6.604 

651 11.005 

904.779 

289 

63521 

24137569 

17.000 

6.611 

05597.240 

907.920 

290 

84100 

2 1389000 

17.029 

6.619 

66051.980 

911.062 

291 

84681 

24042171 

17.059 

6.627 

66508.302 

914.203 

292 

85264 

24897088 

17. oss 

6.634 

66966. 1S9 

917.345 

293 

85849 

25153757 

17.117 

6.642 

07125.647 

920.466 

294 

86436 

2541 21 Sl 

17.140 

6.649 

67880.075 

923.628 

295 

87025 

25672375 

17.176 

6.657 

68349.275 

926.770 

296 

87616 

25934336 

17.205 

:       6.664 

68813.115 

929.911 

297 

88209 

!  26198073 

17.234 

6.672 

09279.186 

933.053 

298 

S8804 

1  26463592 

17.20:; 

6.679 

69746.498 

930.195 

299 

89401 

26730899 

J     17.292 

6.087 

70215.381 

939.336 

300 

90000 

i  27000000 

1     17.321 

6.694 

706S5.836 

942.478 

158 


(II  AT.   XV.  —  MISCELLANEOUS    INFORMATION. 


No. 

Square. 

Cube. 

Sq.  Root. 

Cu.  Root 

Area. 

Circnm. 

301 

27270901 

17.349 

6.702 

71 157. s.V.i 

946.619 

302 

91204 

27543608 

17.378 

6.709 

71631.454 

0  is. 761 

303 

91809 

27818127 

17.407 

6.717 

721H6.626 

951.903 

304 

92416 

28994464 

17.436 

6.724 

72583.356 

■  .014 

30.0 

93025 

28372625 

ir.  n;i 

0.731 

73061.664 

958.186 

306 

93636 

28652616 

17.493 

6.739 

73541.543 

961.327 

307 

94249 

28934  1 13 

17.521 

6.746 

74022.991 

661.  169 

308 

94864 

29218112 

17.55H 

6.753 

71566. 60S 

067.610 

300 

9548] 

20503029 

17.578 

6. 7  CI 

74990.602 

070. 7. .2 

310 

lunni) 

29791000 

L7.607 

6.768 

75476.764 

973.894 

::il 

9672] 

30080231 

L7.635 

6.775 

75964.496 

o77.o:;;. 

3 1 2 

97344 

30371328 

17.664 

6.782 

76453.798 

980.177 

313 

97969 

30664297 

L7.692 

6  790 

76944.673 

983.418 

314 

98596 

30959JL44 

I7.72H 

6.797 

77437.117 

986.460 

315 

99225 

31255875 

17.748 

6.804 

77931.133 

989.602 

316 

99856 

31554496 

17.776 

6.811 

78426.719 

062.7  i:i 

317 

100489 

31855013 

17.704 

c.sis 

78923.876 

g95.885 

318 

101124 

32157  1:;!-' 

17.833 

6.826 

79422.66  1 

000.626 

319 

101761 

32461759 

17.861 

6.833 

79922.902 

L002.168 

320 

L02400 

32768000 

17.889 

6.840 

so  12  1.772 

L005.310 

32] 

10304] 

33076161 

L7.916 

6.84  7 

80928.212 

1008.451 

322 

103684 

33386248 

17. It  II 

6.854 

81433.223 

1011.593 

323 

L04329 

33698267 

17. '.172 

6.861 

81939.805 

161  1.731 

324 

104976 

:;  KH2224 

18.000 

6.868 

82(17.958 

[017.876 

325 

105625 

34328125 

L8.028 

6.875 

82957,681 

1621.618 

326 

L06276 

34645976 

is.  055 

6.882 

83468.975 

1024.15? 

327 

106929 

34965783 

is. us:; 

6.880 

83981.840 

1027.303 

328 

L07584 

35287552 

18.111 

6.K96 

84496.276 

L030.4  12 

329 

10S24] 

3561 1289 

18.138 

6.903 

S50  12.282 

lo:;::.. '.si 

330 

108900 

35937000 

18.166 

6.910 

85520. S60 

L036.726 

33] 

109561 

36264691 

L8.193 

6.917 

86049.008 

1630.:  67 

332 

110224 

36594368 

18.221 

6.92  i 

86569.727 

16  i::. 660 

333 

1  KISS!) 

36926037 

18.248 

6.931 

87062.616 

16  16.156 

334 

111556 

37259704 

L8.276 

6.038 

8761. ..877 

10  10.202 

335 

112225 

37595375 

L8.303 

6.945 

ssi  H.309 

L052.434 

336 

112896 

37933056 

18.330 

6.052 

88c.es.:;  ii 

L055.575 

337 

113569 

38272753 

18.358 

6.959 

891 06. SSI 

10..S.717 

338 

L 14244 

3861  1 172 

18.385 

6.966 

89727.028 

1061.858 

339 

11  1021 

38958219 

IS.  11 -j 

6.07:! 

90258.742 

106.  ,.660 

340 

1 15600 

39304000 

is.  |;;m 

6.960 

90702.628 

1068.1  12 

341 

1 16281 

39651821 

L8.466 

6.986 

01 326. ssi 

1671.28.", 

342 

1 L6964 

KKKIl  CSS 

L8.493 

6.993 

91863.31 1 

1074.425 

343 

117649 

10353607 

18.520 

7.01)6 

92401.308 

1077.566 

344 

118836 

40707584 

18.547 

7.007 

92940.877 

1080.708 

345 

119025 

11003025 

is. 571 

7.61  1 

93482.016 

1083.849 

346 

1 L9716 

II  121736 

18.601 

7.020 

0  1621.726 

I6S6.001 

347 

120409 

41781923 

18.628 

7.027 

(.11560.067 

1600.132 

348 

121104 

121  14192 

18.655 

7.034 

95114.859 

160.",. 271 

349 

12180] 

12508549 

18.682 

7.611 

95662  282 

1606.118 

350 

122500 

12875000 

18.708 

7.047 

96211.275 

1000.557 

POWERS ROOTS  —  CIRCLES. 


459 


No. 

Square. 

Cube. 

Sq.  Root. 

Cube  Root. 

Area. 

Circum. 

351 

L2320] 

13243551 

1ST::  i 

7.0.51 

90701.  SI 

1102.699 

352 

123904 

43614208 

1S.702 

7.061 

97313. H7 

1105.849 

353 

L  24  609 

43986977 

18.788 

7.067 

97867.16 

11  us. '.172 

35  I 

L25316 

i  1361864 

18.815 

7.H7  1 

98422.96 

1112.121 

355 

126025 

44738875 

18.841 

7.081 

98979.80 

111.5.265 

356 

126736 

45118016 

18.868 

7. us; 

99538.22 

Ills. |ii7 

357 

1  -'74  ID 

15499293 

IS. Mil 

7.094 

100098.21 

1121.548 

358 

128164 

15882712 

18.921 

7.1M 

100659.37 

1124.690 

"  359 

128881 

46268279 

is. 91 7 

7.1H7 

101 222. no 

1127.832 

360 

L29600 

16656000 

18.974 

7.  IN 

101787.60 

1130.973 

361 

L30321 

47045881 

19.000 

7.1  L'n 

102353.87 

1134.115 

362 

131044 

17437928 

19.026 

7.127 

102921.72 

1137.256 

363 

13176a 

178321  17 

19.053 

7.1:::; 

10349 1.13 

11  10.398 

364 

132496 

48228544 

19.079 

7.140 

lul002.ll 

11  13.640 

365 

133225 

48627126 

19.105 

7.147 

104634.67 

1146.681 

366 

133956 

49027896 

19.131 

7.163 

1052OS.7H 

1149.823 

367 

134689 

19430863 

19.1.57 

7.10(1 

humsi.i'.i 

1152.964 

:u;± 

135424 

19836032 

19.183 

7.166 

106361.76 

1156.106 

369 

136161 

50243409 

!'.»  209 

7.17:; 

106910.00 

1159.248 

370 

136900 

50853000 

19.235 

7.179 

107521.01 

H6:'. 

371 

137641 

.Mini  1  Ml 

Hi. 201 

7.186 

108102.99 

11  0.5. .531 

372 

138384 

51478848 

IH.2S7 

7.192 

103696.64 

110S.672 

373 

139129 

51895117 

19.313 

7.198 

109271.66 

1171.814 

374 

139876 

52813624 

19.339 

7.205 

101)858.35 

1174.956 

376 

1  10625 

52734375 

19.365 

7.211 

110446.62 

1178.0H7 

376 

1  H376 

53157876 

19.391 

7.218 

111036.45 

1181.238 

377 

142129 

53582633 

19.416 

7.224 

111627.86 

1184.380 

378 

142S84 

54010152 

19.442 

7.230 

112220.83 

1187..522 

379 

1  13641 

54439939 

19.468 

7.237 

112815.38 

1190.663 

380 

144400 

54872008 

19.494 

7.2-13 

11  .",411.49 

1193.S05 

381 

145161 

55300341 

19.519 

7.250 

114009.28 

1196.947 

382 

1  15924 

55742968 

19.545 

7.256 

11  1608.4  1 

12IHI.088 

383 

1  16689 

56181887 

19.570 

7.262 

115209.27 

1203.230 

384 

147456 

56623104 

19.596 

7.268 

115811.07 

1  -'00.372 

385 

l  18225 

57066625 

19.621 

7.275 

116415.64 

1209.513 

386 

148996 

57512456 

19.647 

7-281 

117021.18 

1212.654 

387 

149769 

57960603 

19.672 

7.287 

117628.30 

1215.796 

388 

1. in.,  li 

58411072 

19.698 

7.294 

118236.98 

1218.938 

389 

151 321 

58863869 

19.723 

7.300 

118847.24 

1222.071) 

390 

152100 

59319000 

19.748 

7.306 

1194.59.06 

122.5.221 

391 

152881 

59776471 

15.774 

7.312 

12(1072.  HI 

1228.363 

392 

1 5866  1 

002302SS 

1 '.1.799 

7.319 

120687.42 

1231. 504 

393 

154449 

60698457 

19.824 

7.325 

121303.96 

1234.046 

394 

155236 

01  lOL'U  M 

19.849 

7.331 

121922.07 

1237.7SS 

395 

156Q25 

61629875 

19.875 

7.337 

122.541.75 

1240.929 

396 

156816 

62099136 

19.900 

7.343 

1231  (13.01) 

1244.071 

397 

L57609 

62570773 

19.U2:, 

7.350 

123785.82 

1217.212 

398 

158404 

63044792 

19.950 

7.356 

1 244 10.2 1 

1250.354 

399 

15920-1 

63521199 

19.975 

7.302 

125036.17 

12.53.40.5 

400 

160000 

liiimuooo 

20.01)0 

7.308 

125663.70 

12.50.037 

400 


CHAP.    XV. —  MISCKI.I.\Ni:oi'S     I  M'OIOI  \  TlOW 


No 

Square. 

Cnl>e. 

Sq.  Root. 

Cu.  Root. 

Area. 

Circum. 

101 

160601 

til  181201 

20.025 

7.374 

126292.81 

1259.778 

402 

L61604 

64964808 

20.050 

7.380 

126923.48 

1262.920 

103 

162409 

65450827 

2  0.0  75 

7.386 

127555.7.X 

1200.0112 

Jul 

[63216 

65939264 

20.100 

7.303 

L28189.54 

120,0.20  1 

405 

164025 

66430125 

20.125 

7.o  >9 

128824.93 

1272.315 

406 

164836 

66923116 

20.1  19 

7.405 

429461.89 

1275.  ISO 

407 

165649 

►574191  13 

20.174 

7,111 

130100.42 

1278.628 

JOS 

166464 

67911312 

20.100 

7.117 

130740.52 

1281.770 

4051 

L 67281 

68417929 

20.22 1 

7.423 

131382.19 

1284.911 

410 

168100 

68921000 

20.248 

7.429 

13202.7.1:; 

1288.053 

411 

I6S921 

"942653I 

20.273 

7,135 

1 321 170  21 

1201.101 

412 

169744 

69934528 

20.298 

7,111 

133316.62 

1294.336 

413 

170569 

70444997 

20.322 

7,147 

13300  1.0s 

1297.478 

11  1 

171 396 

70951944 

20.317 

7.453 

134611.10 

1300.020 

415 

1 72225 

7<473375 

20.372 

7.1..0 

13520.7.20 

1303.70,1 

41G 

173056 

71991296 

20.306 

7.405 

165917.87 

1300.002 

417 

173889 

72511713 

20.121 

7.471 

136572.16 

1: 31 0.043 

418 

174724 

73034632 

20,145 

7.477 

137227.01 

1313.186 

419 

175561 

73560059 

20.469 

7.483 

137885.29 

1316.327 

420 

17'-,  100 

74088000 

20.404 

7.4*9 

138511.21 

1319.469 

421 

177211 

74618461 

20.518 

7.495 

139204  70 

1:122.010 

422 

178084 

75 151 445 

20.543 

7.501 

130866.85 

1325.752 

423 

178929 

75686967 

20.567 

7.507 

140530.51 

1328.895 

424 

179796 

70220021 

20.501 

7  513 

1 41105.71 

1332.036 

425 

180625 

76765625 

20.'  116 

7.5  lib 

141802.54 

1.0.05.177 

426 

1M  176 

77308776 

20.640 

7.524 

142530.01 

1338.318 

427 

182329 

77054483 

20.664 

7.530 

14320n>o 

1341,159 

428 

IVilM 

7 M 02752 

20.689 

7.536 

1  18872.38 

1344.600 

429 

184041 

7&9535S9 

20.712 

7.542 

144546.46 

1347.744 

430 

184900 

79507001) 

20.700 

7.548 

145220.12 

1350.885 

431 

185761 

S0062991 

20.761 

7,0.7| 

L45896.35 

1351.027 

432 

186624 

80621568 

20.7-5 

7.560 

110574.14 

1357.168 

433 

L87489 

81182737 

20.809 

7.565 

147253.51 

i::o,o.310 

434 

188356 

81746504 

20533 

7.571 

147934.46 

1363.452 

430 

189255 

82312875 

20.857 

7.577 

148616.97 

1366.593 

436 

190096 

S2881856 

20.881 

7.5*3 

140301.00 

L  369.736 

437 

L90969 

S3 153 153 

20.005 

7.589 

149986.71 

1372.877 

438 

L91844 

84027672 

20.928 

7.594 

150673.02 

l.'i70,.010 

430 

192721 

84601510 

20.0.72 

7.000 

151302.72 

1370.100 

440 

19.0000 

851S4000 

20.070 

7.006 

1 52053.08 

1382.301 

141 

L94481 

85766121 

21.000 

7.612 

152710.02 

1385.442 

112 

195364 

86350888 

21.024 

7.617 

153438.53 

1388.584 

■143 

196249 

86938307 

21.048 

7.023 

151135.18 

1301.726 

444 

197130 

87528384 

21.071 

7.629 

154830.26 

1394.868 

445 

198025 

88121125 

21.005 

7.0.05 

I55K8.47 

1398.009 

448 

198916 

88716536 

21.119 

7.0  10 

1 5622S.28 

1101.150 

147 

199809 

8931*4623 

21.142 

7.646 

150020.03 

J  10  4.291 

44b 

200704 

89915392 

21.166 

7.052 

157632.56 

1407.432 

140 

20160] 

9051—19 

21.100 

7.057 

158337.06 

1410.574 

450 

202500 

91125000 

21.213 

7.663 

150043.13 

1413.717 

POWERS — ROOTS — CIRCLES. 


4«l 


No. 

Square. 

Cube. 

Sq.  Root. 

Cu.  Root. 

Area. 

Circum. 

451 

203401 

91788851 

21.237 

7.669 

159750.78 

1110.858 

452 

204304 

92345408 

21.260 

7.07  4 

160459.98 

1  12.I.00D 

453 

205209 

92969677 

21.284 

7.680 

161170.78 

1423.140 

454 

206116 

93570001 

21.307 

7.080 

161883.13 

1  120.282 

455 

207025 

94196375 

21.331 

7.091 

162507.05 

1  129.425 

456 

207936 

94818816 

21.354 

7.607 

163312.56 

1  132.568 

457 

208849 

96443993 

21.878 

7.703 

164029.63 

1  135.710 

458 

209764 

96071912 

21.401 

7.708 

it;  17 18.26 

1  138.848 

459 

211)681 

96702579 

21.424 

7.714 

165468.47 

1111.992 

460 

211600 

97386000 

21.448 

7.710 

106190. 25 

1  !  15.133 

461 

212521 

97972181 

21.471 

7.725 

166913.61 

1  1  18.274 

462 

213444 

98611128 

21.401 

7.731 

167638.52 

1451.416 

498 

214369 

99252847 

21.517 

7.736 

168365.02 

1  154.558 

464 

215296 

99897344 

21.641 

7.712 

169093.09 

l  157.700 

465 

216225 

100644625 

21.564 

7.747 

1 09822.72 

1460.841 

466 

217156 

101194696 

21.587 

7.753 

170553.92 

1463.982 

467 

218089 

101847563 

21.610 

7 .  758 

171286.70 

1 167.123 

468 

210024 

102503232 

21.638 

7.701 

172021.01 

1470.201 

469 

219061 

103161709 

2  l.C,.".  6 

7.769 

172750.90 

1173.100 

470 

220000 

103823000 

21.679 

7.775 

173494.45 

1170.549 

471 

221841 

104487111 

21.703 

7.780 

171233.51 

1479.690 

472 

222784 

105154048 

21.726 

7. 780 

174971.1  1 

1482.832 

473 

22:1720 

L05823817 

21.749 

7.701 

175716.34 

1485.973 

474 

221676 

106496424 

21.772 

7.707 

176400.11 

1  i    .'."1 14 

475 

225625 

107171875 

21.70) 

7.802 

177205.46 

1492.257 

476 

226576 

107850176 

21.817 

7.808 

177952.37 

l  195.398 

477 

227529 

108531333 

21.840 

7.813 

178700.86 

1498.539 

47S 

228484 

10921..::..:' 

2i.8i;:; 

7.819 

179450.91 

150J.682 

479 

229441 

109902239 

21.886 

7.824 

180202.54 

1504.823 

4  SO 

230400 

110692000 

21.009 

7.830 

180955.74 

1507.964 

481 

231361 

111284641 

2] .932 

7.835 

181710.51 

1511.100 

482 

232324 

111980168 

21.954 

7. Ml 

182466.84 

1514. 218 

483 

233289 

112678587 

21.077 

7.846 

183221.75 

1517.388 

484 

234256 

113379904 

22.H00 

7.851 

183984.24 

1520.532 

485 

235225 

114084125 

22.023 

7.857 

184745.28 

1523.672 

486 

236196 

114791256 

22.045 

7.S02 

185607.9D 

1526. S14 

487 

237160 

115501303 

22.068 

7.868 

186272.09 

1529.055 

488 

2381  14 

116211272 

22.091 

7.873 

187037.86 

1533. 096 

489 

230121 

116030100 

22.113 

7.S78 

187805.20 

1530.240 

40(1 

240100 

117649000 

22.136 

7.884 

188574.10 

1539.380 

491 

241081 

118370771 

22.159 

7.889 

189344.58 

1542.522 

492 

242064 

119095488 

22.181 

7.894 

190110.02 

1545.664 

493 

243049 

119823157 

22.204 

7.9(1(1 

190890.24 

1548.802 

194 

244036 

120553784 

22.220 

7.905 

19100:..  12 

1551.946 

495 

245025 

121287375 

22.210 

7.  Dill 

1924  12.18 

155.',.  088 

496 

246016 

122023936 

22.271 

7.91 6 

193220.51 

1558.230 

497 

2  17000 

122763473 

22.203 

7.1)21 

193998.62 

1561.372 

498 

248004 

123505992 

22.316 

7.920 

194781.88 

1.)  04.514 

499 

249001 

124251  199 

22.338 

7.932 

195504.92 

1567.655 

500 

250000 

|   125000000 

22.361 

7.937 

196319.54 

1570.796 

102 


-MISCELLANEOUS    INFORMATION. 


No. 

Square. 

Cube. 

Sq.  Root. 

Cu.  Root. 

Area. 

Circum. 

501 

251001 

125751501 

22.383 

7.012 

197135.72 

1573.938 

502 

252004 

126506008 

22.405 

7.948 

19792.:.  18 

1577.H-0 

503 

253009 

127263527 

22.428 

7.953 

198712.61 

1580.221 

504 

254016 

128024064 

22.450 

7.958 

03.70 

1563.362 

505 

256025 

128787625 

22.472 

7.963 

200296.17 

1566.504 

506 

256036 

129551210 

22.494 

7.969 

201090.20 

1580.646 

507 

257049 

130323843 

22.517 

7.971 

201885.81 

1. ".02.  7-7 

SOS 

25S064 

131096512 

22.539 

7.070 

-2.99 

1595.928 

509 

25908) 

131872229 

22.501 

7.984 

203480.96 

1509.070 

510 

260100 

132051(100 

22.583 

7.900 

204282.06 

1002.212 

511 

261121 

133432831 

22.605 

7.995 

205083.95 

1005.354 

512 

262144 

134217728 

22.027 

8.000 

205887.  12 

1608.  196 

513 

263169 

135005697 

22.650 

8.005 

2 >92. 16 

1611 .637 

514 

264196 

135790744 

22.072 

8.010 

207  100.0.'. 

1614.778 

515 

265525 

136590875 

22.694 

8.016 

208307.23 

1017.92(1 

516 

266256 

137388096 

22.710 

8.021 

209110.97 

1621 .062 

517 

207289 

138188413 

22.738 

s.020 

209928.29 

1021.203 

518 

268324 

13S991S32 

22.760 

8.031 

210741.18 

1027.344 

519 

269361 

1^9798359 

22.762 

S.O.'IO 

21 1555.64 

1630.488 

520 

270  1(10 

140608000 

22.804 

8.041 

212371.66 

1633.628 

521 

271  111 

111120701 

22.825 

8.047 

213189.26 

1030.770 

522 

272484 

142236648 

22.S47 

8.052 

21  1008. 1 1 

1639.912 

523 

273529 

143055607 

22.869 

8.057 

21  1629.18 

1643.053 

52  1 

274576 

143877824 

22.891 

8.062 

215651. lo 

10  Hi.  194 

525 

275025 

1  11703125 

22.913 

8.007 

216475.37 

1649.336 

526 

276676 

145315576 

22.935 

8.072 

217300.82 

10.72.478 

527 

277729 

146383183 

22.950 

8.077 

218127.85 

1055.010 

528 

278764 

147197952 

22.978 

8.082 

218956.44 

1658.760 

529 

279S41 

146035889 

2.3.000 

8.088 

219766.61 

1661 .902 

530 

2S0900 

1  1-^77000 

2.3.022 

6.093 

220618.34 

1005.0  11 

531 

281961 

1 10721201 

23.043 

s.OOs 

221 151.05 

1668.186 

532 

283024 

150568768 

23.005 

8.103 

222266.53 

1671 .328 

533 

284069 

151410137 

23.087 

8.108 

223122.98 

1071. 100 

534 

2S5156 

152273304 

23.103 

8.113 

223901.00 

10  77.010 

535 

286225 

153130375 

23.130 

8.118 

224800.59 

1680.752 

536 

287296 

153990656 

23.152 

s.123 

225641.75 

10-3.-0  1 

537 

288369 

154854153 

23.173 

8.12S 

226484.48 

10-7.035 

538 

289444 

155720-72 

23.195 

8.133 

22732b. 7a 

10,00.176 

539 

200521 

156590819 

23.216 

8.138 

228174.66 

1693.318 

540 

291600 

157464000 

23.238 

8.143 

'.".'0022.il) 

1000. 100 

541 

292681 

158340421 

23.259 

6.148 

229670.33 

1009.002 

542 

29376 1 

159220088 

23. 2b I 

8.153 

230721 .70 

1702.714 

543 

294849 

100103007 

23.302 

8.158 

231573.86 

1705.834 

54  1 

205930 

160989184 

23.324 

8.163 

232  127.59 

1709.020 

545 

297025 

161878625 

23.315 

8.168 

233282.89 

1712.1 68 

546 

298116 

102771330 

23.307 

8.173 

234139.76 

1715.310 

517 

299209 

163667323 

23.38S 

8.178 

234998.20 

1718.451 

548 

300304 

164566592 

23.409 

S.1S3 

23585s. 21 

1721. 592 

549 

301  101 

105109149 

23.431 

8.183 

230719.79 

1 72 1 . 733 

550 

302500 

10G375000 

23.452 

8.193 

237582.94 

1727.876 

POWERS ROOTS — CIRCLES. 


46:J 


No. 

Square. 

Cube. 

Sq.  Koot. 

Ou.  Koot. 

Area. 

Circum. 

551 

303001 

167284151 

23.473 

8.193 

238447.67 

17.il  .018 

552 

3(11701 

168196608 

23.495 

S.203 

239297.96 

1734.160 

553 

30  g09 

L691 12377 

23.510 

8.208 

2401' 

1737.301 

554 

306916 

170031  164 

23.537 

S.213 

241043.26 

1710.142 

555 

308025 

170953875 

23.558 

8.218 

241922.27    ' 

1713.554 

.55(5 

309 131) 

171879616 

23.580 

8.223 

242794.84 

1746.726 

557 

31(1249 

172*508693 

23.001 

8.228 

243668.99 

1749.867 

55S 

311304 

173711  112 

23.622 

8.233 

244544.71 

17. ".,'.  96» 

559 

312481 

I74676«*7fl 

23. 043 

8.238 

245442.00 

1750.110 

580 

313600 

1 7.10 10000 

23.664 

-.2)3 

246300.86 

1759.292 

561 

314721 

176558481 

23.685 

B.248 

2471-1 .29 

1762.434 

5(  2 

315841 

177504328 

23.707 

8.2.73 

248063.30 

1705.576 

so.3 

316969 

178453547 

23.728 

248946.87 

1705.717 

564 

31S096 

179-1(10]  1  l 

23.749 

8.262 

249832.01 

1771.858 

565 

319225 

160362125 

23.770 

8.267 

250718.73 

1775.000 

56B 

320356 

181321496 

2:  (.791 

8.272 

251007.01 

177s. 142 

567 

321489 

182284203 

23.812 

8.277 

252496.87 

1751.253 

008 

322.  .24 

183250432 

23.833 

8.282 

253388.30 

1754. 4 'J! 

SCO 

323761 

181220009 

23.S54 

S.'^-O 

254281.30 

1757.506 

570 

180193 1 

23.575 

8.291 

255175.86 

1790.705 

571 

326041 

186169111 

23.896 

v.-.".,; 

256072.00 

1793.-19 

572 

327184 

187149248 

23.917 

8.301 

256969.71 

1790.990 

573 

328329 

188132517 

23.937 

8-300 

257868.99 

1NI0.132 

574 

329  170 

189119224 

23.958 

5.311 

258769.84 

1503.274 

575 

330025 

190109375 

23.979 

8-316 

259672.27 

1500.410 

576 

331770 

1911irj'>70 

24.000 

5-320 

260576.26 

1809.558 

577 

332929 

]  92  km  mi:::', 

24.021 

8-320 

2014-1 .-3 

1812.699 

578 

334084 

193100552 

24.042 

8-330 

262388.96 

1515.840 

579 

335241 

194104539 

24.062 

8-335 

203297.00 

1818.981 

580 

330400 

195 11 21  in  i 

24.083 

8-340 

264207.94 

1522.124 

581 

337501 

196122941 

24.104 

5-344 

2651 19.79 

1825.265 

582 

33S724 

197137305 

24. 1 25 

8-349 

200033.21 

1828.406 

553 

339889 

198155287 

24.145 

8.354 

266948.20 

1831.545 

584 

341056 

1991707H4 

24 . 1 66 

8-359 

267864.76 

1832.690 

585 

31222") 

200201625 

24.187 

8-303 

268782.89 

1837.832 

586 

343396 

201230056 

24.2117 

8-368 

269702.59 

1840.933 

587 

344569 

202262003 

24.228 

8-373 

270023.57 

1-14.074 

588 

34574  1 

203297472 

21.249 

5.375 

271540.70 

1847.256 

589 

310921 

16469 

24.209 

8.382 

272470.33 

1850.398 

590 

348100 

205379000 

21.290 

8.387 

273397.10 

1853.540 

591 

349281 

206425071 

21.310 

8-392 

274324.65 

l"v">0.6S2 

592 

350464 

207474688 

24.331 

5.3!I7 

275253.78 

1859.823 

59  t 

351649 

208527857 

24.352 

5.101 

27015  4.45 

1802.964 

594 

352836 

209584584 

24.372 

5.1110 

277110.74 

1806.106 

595 

354025 

210614875 

24.393 

8.411 

278050.58 

1869.248 

590 

355216 

211708730 

21.113 

5.410 

278985.99 

1872.390 

597 

3:0109 

2I277H173 

21.434 

5.420 

279922.98 

1575.531 

598 

357604 

213849192 

24.454 

5.425 

280861.52 

1S7S.672 

599 

358801 

21  1921799 

21.171 

8-430 

281801.64 

1881 .-14 

600 

300000 

210000000 

24.495 

8.434 

282743.34 

1884.956 

401 

CHAP.   XV. 

MISCELLANEOUS    INFORMATION. 

No. 

Square. 

Cube. 

Sq.  Root. 

Cu.  Root. 

Area. 

Circum. 

601 

361201 

217081801 

24.515 

S.439 

283686.61 

1888.097 

602 

362404 

218167208 

21:536 

R.444 

2sli-.31.44 

is;  i|.238 

603 

363609 

219256227 

24.556 

8.448 

28557 7. si 

1894.380 

604 

364016 

220348864 

21.576 

8.453 

286525.82 

1897.522 

605 

366025 

221 115125 

24.597 

b.  158 

287475.36 

1900.001 

606 

367236 

222545016 

24.617 

8.462 

288426.4s 

1903.606 

607 

36S449 

223048543 

24.637 

8.  167 

289379.17 

1900.U47 

608 

369664 

224755712 

24.658 

8.472 

290333.42 

1910.068 

609 

370881 

225866529 

24.678 

8.476 

291289.26 

1913.220 

610 

372100 

226981000 

24.H98 

8.  |s[ 

292246.66 

1916.372 

611 

373321 

228099131 

24.718 

8.  186 

293205.63 

1919.513 

612 

:i7i.r.n 

229220928 

24.739 

6. 190 

2011011.17 

1022.0,51 

613 

375769 

230346397 

24.759 

8.495 

295129.86 

1925.796 

614 

376996 

231175544 

24.779 

5.  199 

296091.96 

1928.938 

615 

378225 

232608375 

24.799 

8.504 

297057.22 

1032.070 

616 

379456 

233744896 

24.819 

8.509 

298024.05 

1935.221 

617 

380689 

231885113 

24.839 

8.513 

208992.45 

1936.362 

618 

381924 

236029032 

24.860 

8.518 

299962.40 

1941. 504 

619 

383161 

237176659 

24.880 

8.522 

300033.91 

1011.045 

620 

384400 

238328000 

21.900 

8.527 

301907.05 

1947.767 

621 

385641 

239483061 

21.920 

8.532 

302881.73 

1050. 92S 

622 

3S68S 1 

240641848 

24.940 

8.536 

303857.93 

1954.070 

623 

388129 

241804367 

24.960 

8.541 

304837.16 

1957.211 

624 

389376 

242970624 

24.980 

3.545 

305815.19 

1960.353 

625 

390625 

244140625 

25.000 

8.550 

300790.10 

loo.i.  (95 

626 

391876 

245314376 

25.020 

8 .  55  1 

307778.69 

1000.030 

627 

393129 

246491883 

25.040 

8.559 

308762.79 

100,0.778 

628 

394384 

217673152 

25.060 

8.564 

309748.47 

1972.010 

629 

395641 

248858189 

25.080 

8.568 

310735.72 

1070.001 

630 

3969U0 

250017000 

25.100 

8.573 

311724.53 

1079.203 

631 

398163 

251239591 

25.120 

8.577 

312714.92 

1982.344 

632 

399424 

252435968 

25.140 

8.582 

313706.87 

1935.486 

633 

400689 

253636137 

25.1  GO 

8.586 

314700.41 

1988.628 

634 

401956 

254840104 

25.180 

8.591 

MI  501)5.51) 

1001 .709 

635 

403225 

256047675 

25.200 

8.595 

316692.17 

1001.911 

636 

404  196 

257259456 

25.220 

8.600 

317690.42 

1998.052 

637 

405769 

258474*53 

25.239 

8.604 

318090.21 

2001.194 

638 

■1117011 

259694072 

25.25'.) 

8.609 

319001 .01 

2004.335 

639 

408321 

260917119 

25.278 

S.613 

320694.56 

20117.177 

640 

409600 

262144000 

25.29s 

8.618 

321000.00 

2010.019 

641 

410881 

263374721 

25.318 

8.022 

322705   10 

2013.769 

6)2 

412164 

26460928S 

25.338 

8.627 

323712.85 

2016.902 

643 

4i::il'.i 

265847707 

25.357 

8.631 

324720.52 

2020.043 

644 

414736 

267089984 

25.377 

8.636 

325732.89 

2023.185 

645 

416025 

268336125 

25.397 

8.640 

320715.27 

2020.327 

646 

417316 

269586136 

25.417 

8.645 

327759.22 

2020.468 

647 

1  6609 

270840023 

25.436 

8*.649 

328774.74 

2032.610 

648 

419904 

272097792 

25.456 

8.653 

329791.82 

2035.751 

649 

421201 

273359149 

25.475 

S .  1  ,.r,S 

330810.48 

2038.893 

650 

422500 

274625000 

25.495 

8.662 

331830.72 

2012.035 

P0WEB8 ROOTS  —  CIRCLE: 


465 


No. 

Square. 

Cube. 

Sq.  R 

Cu.  Root. 

Area. 

Circiim. 

651 

423801 

275S94451 

25.  J 

-  .      ■ 

332852.53 

.177 

692 

425104 

2771678    - 

33387 

^ 

653 

126409 

278445077 

25.554 

334901).-:. 

2051  . 

694 

427716 

27975 

27.    - 

659 

2S10U375 

25.J 

55.45 

7.743 

656 

430336 

25.612 

s    - 

35.10 

.      1.885 

651 

431049 

26       '3393 

25.032 

- 

33901 

1.026 

- 

- 

2848 

. 

B.     S 

340049.13 

.      7.167 

134281 

2S6191179 

25.671 

-  '   . 

3410- 

2070. 

660 

435600 

287496000 

25 . 

8.707 

342119.44 

a    73.451 

661 

436921 

288804781 

25.710 

S.711 

34 31 50. 95 

2071  ■ 

438244 

2901 17526 

334 1 

.   79.734 

603 

439569 

291  134247 

25.749 

34521 

2.876 

664 

440896 

292754944 

25.76S 

278.91 

2086.017 

665 

442225 

29407    - 

25.78b 

.J.  TO 

-   - 

443556 

- 

25.807 

8.733 

-     3.06 

607 

II 1889 

'290740903 

25.8S 

S.737 

31 '.'41:').  02 

446224 

29807 

.846 

35041 

.     - 

447561 

299418309 

.865 

6.746 

351513,62 

2101.725 

670 

44S900 

300763000 

25.984 

21  ll|.~    " 

071 

450241 

302111711 

25.! 

8,46 

2108 

673 

451584 

30340 1  M- 

'-'.'..923 

35467      . 

2111.150 

673 

304821217 

25.942 

- 

2114.291 

674 

454276 

306182024 

25.962 

356787.54 

2117.433 

675 

455625 

16875 

.  81 

8.772 

57847,04 

2120.575 

676 

308919776 

.000 

6.71 

-     -.11 

2123.710 

677 

458329 

3102887 

26.019 

-.7-1 

2126.85S 

67fi 

159684 

311669752 

20.038 

30,1034.96 

2130.000 

679 

-161041 

313046839 

26.058 

-    76 

362100-75 

2133.141 

680 

462400 

314432000 

26.077 

-.-'.'1 

3031  OS. 11 

-    16-283 

6s1 

163761 

B21241 

20.090 

8. '  a 

3. -.  -1 237-  04 

2139.425 

682 

465124 

317214568 

26.115 

-  -    - 

365307.54 

2142.566 

683 

466489 

318611987 

26.134 

-  -   ; 

34.56 

214.' 

684 

320013504 

26-153 

-.-11 

367453-18 

2148.849 

685 

469225 

32141912') 

20.173 

3.815 

368528.45 

2151.991 

686 

470996 

-    58 

26 . 1 92 

-.-1" 

36961 

5.133 

687 

471969 

•  121212703 

-    .211 

" 

2158.274 

473341 

325( 

-    .230 

8. 828 

37171 

2101.410 

689 

474721 

32708 

.  249 

372845-00 

2164.557 

690 

470100 

328509000 

20..    - 

-   -    i 

-     28.07 

.     -.699 

691 

177481 

32993937 1 

26.287 

-.-11 

375012-71 

217H. -in 

692 

786    ' 

331  : 

2 1',.  300 

8.845 

3761   - 

2173.982 

693 

480249 

332812557 

.    .325 

8.849 

3771-    ■    ~ 

2177.124 

6y ; 

481636 

3342! 

-    .344 

3.8 

378276.03 

2180.265 

695 

483025 

335702375 

.363 

-.-:- 

379306.95 

2183.407 

484416 

337H 

26.382 

3.8   . 

380459.44 

21- 

697 

185809 

387 

26.401 

3.8 

-     53.50 

-    .690 

69S 

187204 

3400  5 

26.420 

382649.13 

2192.-32 

699 

18S601 

341- 

.    .139 

5.87S 

383746.33 

2195.973 

700 

490000 

343000000 

26.458 

384845.10 

2199.115 

30 


400 


CHAP.    XV. MISCKI.LANF.OUS    INFORMATION. 


No. 

Square. 

Cube. 

Sq.  Root. 

Cu.  Root. 

Area. 

Circum. 

701 

491401 

344472101 

26.476 

8.8S3 

385945.45 

2202.256 

702 

492804 

34594800S 

20.  19.7 

8.887 

3-7017.31 

2206.398 

703 

194209 

34742*927 

20.51 1 

6.892 

388150.83 

220S. 539 

7(11 

l!»5616 

346913661 

26.532 

S-.896 

369255.89 

2211.681 

71).-) 

407025 

350402625 

26.552 

8.9.00 

390362.52 

221 1.823 

706 

198436 

3518958 U 

26.571 

8.901 

391470.72 

2217.964 

707 

199S49 

353393243 

26.7  s;) 

8.909 

392580.  1!' 

2221.106 

70S 

501264 

354894912 

20.608 

8.913 

393691.82 

2221.21- 

709 

502681 

35G400829 

26.627 

8.917 

394804.73 

2227.3-9 

710 

70  1100 

37791 1000 

20.016 

8.921 

395919.21 

10.531 

7ll 

505521 

359425431 

26.66  i 

8.925 

397035.26 

2-i.-i3.072 

712 

506P44 

36094  1128 

26.683 

3.929 

396152.88 

2238.81 1 

713 

508369 

362467097 

26.702 

8,934 

399272.07 

2239.956 

71  1 

509796 

194344 

26.721 

6.938 

100392.83 

2243.097 

71.r) 

511225 

365525875 

20.739 

8.942 

401515.18 

2246.239 

71 6 

5 J  26 56 

367061696 

26.75- 

6.940 

102639.09 

2249.380 

717 

514089 

368601813 

26.777 

8.950 

403764.55 

2252.522 

71S 

.717:721 

3701  16232 

26.790 

8.955 

404891.60 

-.'■.'77.001 

71!) 

516961 

371694959 

26.814 

8.959 

406020.22 

-'278.805 

720 

518400 

373248000 

20.633 

8.963 

407150.  11 

226 i  .917 

721 

5 19s 41 

37  1-0.730  I 

20.-7] 

-.007 

108282.17 

2265. 08S 

722 

521284 

376367048 

26.870 

6.971 

1  ID  115.50 

2268. 2'<0 

723 

522729 

377933067 

26.889 

S.975 

410550.39 

2271.371 

724 

52117'i 

379503424 

26.907 

-.979 

11 1686.86 

2274.5i3 

727 

52.7027 

381078125 

20.920 

6.934 

412-21.91 

2277.055 

720 

52707)) 

382657176 

26.944 

b.938 

4 1 396 1.51 

■-'2-0.790 

727 

528529 

3S42405S3 

26.903 

8.01)2 

415105.72 

2283.938 

728 

529984 

385828352 

26.9-1 

8.996 

416248.  16 

2287.079 

729 

531441 

387420489 

27.000 

9.000 

417392.78 

2290.221 

730 

532900 

3*9017000 

27.019 

9.00  1 

418538.68 

2293.363 

731 

534361 

390617891 

27.037 

9.  Oils 

419684.58 

2296.504 

732 

535824 

392223168 

27.055 

9.012 

120835.18 

2299.646 

733 

5372S9 

393S32S37 

27.071 

9.010 

4219V,.  7!) 

2;  K 12. 787 

734 

535756 

395446904 

27.092 

9.021 

423137.97 

2305.829 

73-0 

510-225 

397065375 

27 .111 

9.025 

421291.72 

2:ii,9.071 

739 

541696 

398688256 

27.129 

9.029 

42.7117.04 

2312.212 

737 

543169 

400315553 

27.148 

9.033 

126603.93 

2315.353 

738 

544644 

4019  17272 

27.166 

9.037 

427762. lo 

231b. 195 

73'.) 

5 10 121 

403583419 

27.185 

9.041 

428922.13 

2: 121. 637 

710 

517000 

4  0.7221000 

27.203 

9.0  1:7 

430084.03 

2324.779 

711 

549081 

IOf.869021 

27.221 

9.049 

431247.20 

2327.920 

7  12 

550501 

408518488 

27.240 

9.053 

432411.95 

2331.062 

7  13 

552049 

110172407 

27.25S 

9.057 

433576.70 

2331.203 

71  1 

553536 

41183  )7-l 

27.276 

9.001 

434746.16 

2337.345 

7  17 

555025 

413493625 

27.295 

9.065 

137'.  11 7.62 

2340.  IS7 

746 

556510 

415160936 

27.313 

9.069 

437080.07 

2!  113.628 

747 

55S009 

416832723 

27.331 

9.073 

43(5259.24 

23  16.769 

743 

55950 1 

118508992 

27.350 

9. 078 

439133.41 

2319.910 

71!) 

561001 

120189749 

27.368 

9.082 

4  10009.05 

2353.052 

770 

562500 

42 1S75000 

27.386 

9.086 

441786.47 

2356.194 

POWERS ROOTS CIRCLES 


407 


No. 

Square. 

Cube. 

Sq.  Hoot. 

Cu.  Root. 

Area. 

C  i  re  u  in . 

751 

564001 

i64751 

27. 101 

9.090 

165.37 

2359.335 

!-,-> 

f.65504 

125259008 

27.423 

9.6*94 

11  11  15. si 

2362.  177 

753 

567009 

I   6957777 

27.441 

9.098 

445327.83 

2365.619 

754 

568516 

12*661064 

27.459 

9.102 

146511.42 

2368.760 

755 

5700-25 

430368875 

27.177 

0.100 

147696.59 

2371.902 

7.r»G 

571536 

432081216 

27.495 

9.110 

148883.33 

2375.04 1 

757 

5730  49 

133798093 

27.51  1 

9.114 

150071.63 

2376.165 

75s 

574564 

435519512 

27.532 

9.118 

151261  .51 

2381.327 

759 

576081 

437245479 

27.550 

9.122 

452453.05 

23s  I.  169 

760 

577600 

138976000 

27.56S 

9.126 

U  3645.98 

2367.610 

761 

579121 

44071 1081 

27.586 

9.130 

I'll  M0. 57 

2390.752 

762 

58064  1 

442450728 

27.00  1 

9.134 

456036.73 

239  '■>•>'■< 

763 

582169 

444191947 

27.(522 

9.138 

457231.  16 

2397.035 

764 

583696 

1  159.43744 

27.641 

9.142 

458433.76 

2  100.170 

705 

585225 

■11 7007 125 

27.659 

9.1  16 

159634.64 

2403.318 

766 

586756 

449455096 

27.077 

9.150 

460837.08 

2406. 159 

767 

588289 

451217663 

27.0.05 

9.154 

162041.09 

2409.601 

768 

589824 

452984832 

27.713 

9.158 

463246.69 

2112.712 

769 

59 1 301 

454756609 

27.731 

9.102 

464453.84 

2415.884 

770 

592900 

456533000 

27.749 

9.166 

465662.57 

2410.020 

771 

594441 

158314011 

27.707 

9.170 

466872.87 

2422.167 

772 

595984 

460099648 

27 . 785 

9.171 

168084.74 

2425.309 

773 

597529 

461889917 

27.803 

9.178 

469296.61 

2428.451 

774 

599076 

463684824 

27.821 

9.182 

4705i::.  lo 

2 131.5!  13 

775 

600625 

465484375 

27.839 

9.185 

471729.77 

2434.734 

776 

602176 

467288576 

27.857 

9.189 

472947.92 

2I.07.S70, 

777 

603729 

469097433 

27.875 

9.193 

474167.65 

21  11.017 

778 

605284 

170910952 

27.893 

'0.197 

175388.94 

24  14.159 

779 

606841 

472729139 

27.91 1 

9.201 

47661 1 .80 

2447.300 

780 

608400 

474552000 

27.928 

9.205 

477836.24 

2450.442 

7SL 

609961 

476379541 

27.910 

9.209 

479062.25 

2453.583 

782 

611524 

17821 176b 

27. IKil 

9.213 

480289.83 

2456.  ^25 

783 

6130&9 

180048687 

27.982 

9.217 

481516.98 

2459.867 

734 

61  1656 

181890304 

28.000 

9.221 

482749.70 

0  100.000 

785 

616225 

4831  H 

28.018 

9.225 

463981.98 

2100..  150 

756 

617796 

485587656 

28-036 

9.220 

485215.85 

U469.292 

7S7 

619369 

487443403 

28.054 

9.233 

486451.27 

2472.433 

7ss 

620944 

489303872 

28.071 

9.238 

487688.27 

2175.575 

789 

622521 

491169069 

23.089 

9.240 

488926.85 

2478.716 

7'M 

624100 

493039000 

28.107 

9.211 

490166.99 

2481.858 

791 

625681 

494913671 

28.125 

9.248 

491408.71 

2485.000 

792 

627264 

196793088 

28-142 

9.252 

192651  -i's 

2488.131 

793 

623849 

198677257 

28.160 

9.256 

I93S96.85 

2  101 .272 

79 1 

500566184 

28.178 

9.260 

4951 13.28 

2  10  1.  114 

795 

I 

502  15!  is  7  5 

28.196 

9.264 

196391 -27 

2497.566 

796 

633616 

504358336 

28.213 

9.268 

197640.85 

2500. 70s 

797 

635209 

506261571 

28-231 

9.272 

498891  .'os 

2503.849 

798 

636804 

506169592 

28.219 

9.275 

5001  14.69 

2506.991 

799 

638401 

51008239! 

28-207 

9.279 

501398.97 

2500.132 

800 

640000 

512000001 

28-284 

9.283 

502654.82 

2513.27  1 

468 


-MISCELLANEOUS    INFORMATION. 


No. 

Square. 

Cube. 

Sq.  Hoot. 

C ii.  Root. 

Area. 

Circum. 

64160J 

5139 

28.302 

9.287 

•12.25 

2516.  II''. 

-    - 

643204 

515849608 

28.320 

9.291 

171.24 

2519.557 

603 

61 1809 

517781627 

28.337 

9.295 

506431.80 

2522.698 

604 

646416 

519718464 

28.355 

9.299 

507693.94 

2525.840 

805 

64S025 

5216601  25 

28.373 

9.302 

508957.64 

2528.982 

806 

649636 

523606616 

28.390 

9.306 

510222.92 

2532.123 

807 

651249 

525557943 

28.  108 

9.310 

511489.76 

2535.265 

808 

52751  1112 

28.425 

9.314 

512758.18 

3.  106 

809 

654  l-l 

529475129 

28.443 

9.318 

51  1028.18 

2541.548 

810 

656100 

531  141000 

28.460 

9.322 

515299.74 

254  1.690 

811 

657721 

533411731 

28.478 

9.321) 

516572.87 

.831 

812 

159  Ml 

535387328 

28.496 

9.329 

517847.57 

2550.973 

813 

537366797 

28.513 

9.333 

519123.83 

255 1.115 

8J  1 

662596 

5393531 11 

28.531 

9.337 

.r)20liil  .69 

2557.256 

815 

664225 

541343375 

28.548 

9.341 

521681.10 

2560.398 

816 

665856 

543338496 

28.566 

9.345 

522962.03 

2563.540 

817 

667489 

54.r>.T;-.',i:; 

28.583 

9.348 

524244.64 

6.681 

818 

669124 

547343432 

28.601 

9.352 

525528.77 

2569.823 

819 

670761 

549353259 

28.618 

9.356 

526814.46 

2572.964 

820 

672400 

55136S600 

28.636 

9.360 

528101.73 

.100 

Fi21 

674041 

553387661 

•2s.  053 

9.364 

529390.57 

2579.247 

822 

675681 

55541224S 

28.671 

9.368 

5306S0.97 

2582.388 

323 

677329 

557441767 

28.689 

9.371 

531972.95 

2585.530 

624 

678976 

559476224 

28.705 

9.375 

533266.50 

2588.672 

625 

680625 

561515625 

28.723 

9.379 

534561 .62 

2591  .814 

620 

682276 

563559970 

28.740 

9.383 

535858.32 

2.79  1.9.'..') 

627 

565609283 

28.758 

9.386 

537156.58 

2598.097 

628 

68558 1 

567663552 

28.775 

9.390 

538456.42 

2601 .239 

629 

667241 

569722789 

28.792 

9.394 

539757.81 

2604.380 

630 

688900 

571787000 

28.810 

9.398 

541060.79 

2607.522 

631 

690561 

573856191 

28.827 

9.  102 

542347.34 

2610.663 

632 

692224 

575930368 

28.844 

9.405 

543671.49 

20 13.805 

833 

693889 

578009537 

28.862 

9.  109 

544979.15 

2616.946 

334 

695556 

580093704 

28.879 

9.413 

546288. 10 

2620.088 

835 

697225 

582182875 

2S.896 

9.417 

547599.23 

2623. 2S0 

336 

698896 

584277056 

28.914 

9.  120 

546911.63 

2626.371 

837 

700569 

586376253 

28.931 

9.  124 

550225.60 

2629.513 

638 

70224  1 

588480472 

28.948 

9.  128 

551541.14 

2632.654 

339 

"03921 

590589-719 

28.965 

9.  132 

552858. 2*6 

2635.796 

840 

705600 

592704000 

28.983 

9.  135 

'    554176.94 

2638.938 

841 

707281 

594823321 

29.000 

9.  1  19 

555497.19 

2642.079 

842 

708964 

596947688 

29.017 

9.  143 

556819.02 

2'-.  If).  221 

643 

710649 

599077107 

29.034 

9.  1  17 

5581  12. 12 

•Jf.ls.3G3 

844 

712336 

60121 1584 

29.052 

9.450 

559467.39 

2651.504 

645 

714025 

603351125 

29.069 

9.  154 

560793.92 

2654.646 

646 

715711) 

605495736 

29.086 

9.  158 

5621 

2057.7^7 

847 

717409 

607645423 

29.103 

9.462 

563451.71 

2660.929 

848 

719104 

609800192 

29.120 

9.  165 

564782.98 

21  it  11. 071 

849 

720801 

61  L960049 

29.138 

9.  169 

566115.78 

2667.212 

650 

722500 

614125000 

29.155 

9.173 

567450.47 

2070.351 

POWERS  —  ROOTS CIRCLES. 


4(>9 


No. 

Square. 

Cube. 

Sq.  Root. 

Cu.  Root. 

Area. 

Circum. 

601 

724201 

15051 

29.172 

9.476 

568786.13 

207:;.  195 

852 

725904 

618470208 

29.1b9 

9.480 

570123.66 

2676*637 

sr.3 

727609 

620650477 

29.206 

9.  l-l 

271462.77 

2679.778 

854 

72!  1.3 10 

622S35664 

20.223 

9.  188 

572-11.3.  15 

2682.92(1 

855 

731H2.7 

625026375 

29.240 

9.491 

574145.69 

2086. 

856 

732736 

6272  - 

29.257 

9.  195 

.77.7  1 -'.».. 7  1 

2669.203 

857 

734449 

629422793 

29.275 

9.499 

576834.89 

2692.345 

858 

736164 

631628712 

29.292 

9.502 

578181.85 

2695.486 

859 

737681 

339779 

29.309 

57953G.39 

2696.628 

860 

739600 

636056000 

29.326 

9.510 

J80.4S 

2701.770 

86 1 

741321 

77381 

29.343 

9.513 

>  12.15 

2704.9]  I 

862 

743044 

640503928 

29.360 

9.517 

56358 

2708.053 

863 

74  i: 

642735647 

29.377   • 

. 

564940.20 

2711.191 

6G4 

746496 

644972544 

29.394 

9.524 

586296.58 

271  1.336 

865 

748225 

6472]  W25 

29.411 

587654.54 

2717.176 

866 

749956 

649461896 

29.428 

9.532 

5890]  1.06 

2720.619 

867 

751689 

651714363 

29.445 

9.535 

590375.16 

2723.760 

568 

■121 

29.462 

9.539 

591737.82 

2726.902 

869 

755161 

656234909 

2'. '.4  79 

9.  .7  13 

593102.06 

2730.044 

b70 

756900 

658503000 

29.496 

9.54G 

594467.87 

2733.186 

S71 

75864] 

660776311 

29.513 

9.550 

59!  635.25 

2736.327 

S72 

760384 

663054848 

29.. ''30 

9.554 

597204.22 

2739. 169 

S73 

762129 

665338617 

29.547 

9.557 

598574.72 

2742.610 

S74 

JS76 

667627624 

29.563 

9.56] 

599946.81 

'J  7  1.7.752 

875 

i625 

669921875 

29.580 

9.565 

601320.47 

2748.894 

876 

76737G 

672221376 

29.597 

9.568 

602695.70 

J.  0.35 

S77 

769129 

674526133 

£9.614 

9.572 

tin  1072.51 

2  7 .7. 7.  177 

87S 

770884 

676836152 

29.631 

9.57G 

605450.88 

2758.318 

S79 

772.'.  11 

679151439 

29.648 

9.579 

606830.62 

2761 . 160 

880 

774400 

681  172000 

29 . 1 

9.583 

608212.34 

2764.602 

6S1 

776161 

6837978 1 1 

29.682 

9.586 

609595,43 

2767.743 

882 

77792 1 

686128968 

29.698 

9.590 

610980.08 

2770.885 

Ss3 

779689 

688465367 

29.715 

9.594 

G123GG.31 

.'771.026 

884 

7bl45G 

69060711)1 

29 . 732 

9.597 

613754.12 

2777.168 

885 

783225 

693154125 

29. 7  lit 

9.601 

615143. 18 

2780.309 

886 

784996 

i06456 

29.766 

9.605 

616534.42 

27-3. 451 

687 

786769 

697864103 

29 . 763 

9.608 

617926.93 

2 7-G. 592 

»S6 

788544 

700227072 

29.799 

9.612 

619321 .02 

2789.734 

689 

790320 

702595369  ' 

29.816 

9.615 

620716.66 

2792.876 

890 

792100 

704969000 

29.833 

9.619 

692113.89 

2791). 017 

891 

793881 

70734797] 

29.850 

1  -  1512.67 

2799.159 

892 

795664 

7097322S8 

29.866 

9.626 

624913.10 

12.300 

893 

797449 

712121957 

29.883 

9.630 

626314.98 

28Q5.  1 12 

894 

7995 

711.7hV.t-l 

29.900 

9.G33 

627718.  18 

2808.564 

695 

801025 

716917375 

29.917 

9.637 

629123.56 

2811.725 

896 

1816 

719123136 

29.933 

9.64] 

i30.24 

'.-I  1.867 

-'.'7 

804609 

721734273 

29.950 

9.644 

0319.';-.  13 

2818.009 

898 

806404 

724150792 

29.967 

9.648 

633348.22 

2521.150 

899 

608201 

726572699 

29.983 

9.651 

634759.58 

2824.292 

900 

s 10000 

729000000 

30.000 

9.G55 

I     636172.51 

2827.433 

30* 
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No. 

Square. 

Cube. 

Sq.  Root. 

On.  Root. 

Area. 

Circum. 

'.)()  1 

si  1801 

781  i:;270l 

30.017 

9.658 

637587.01 

2830.57  • 

002 

B13604 

733870808 

30.033 

9.002 

630003.08 

2833.716 

008 

B15400 

73631  0:27 

80.050 

9.666 

0111120.70 

2836.858 

904 

SI  72  Hi 

738763264 

30.067 

0.669 

641839.94 

2MO.00O 

905 

819025 

7  11217625 

30.083 

0.07:: 

643260.73 

2843.1  11 

!)0(i 

820836 

743677416 

30. ion 

9.070 

01 1683.09 

2M0.2s:: 

007 

.-220  19 

7101  12643 

30.116 

0.680 

646107.01 

2849.424 

008 

824464 

748613312 

30.133 

0.683 

647532.51 

, 

'.inn 

281 

751089429 

30.150 

9.687 

64891 

■.707 

i)  l  (i 

828100 

7.  3571000 

30.100 

9.  OKI 

650388.22 

<JH 

829921 

756058031 

30.  is:; 

9.  CHI 

05  IMS.  12 

2861.1 

912 

831744 

758550528 

30.199 

9.  CHS 

653250.20 

2865.132 

013 

833569 

761048407 

30.210 

9.701 

654683.56 

2868.273 

01  i 

835396 

763551044 

30.232 

9.7H5 

0501  is.  18 

2871.415 

015 

837225 

766060875 

30.219 

0.708 

657554.98 

2874.557 

016 

839056 

768575296 

30.265 

9.71  2 

658003.04 

2877.698 

917 

840889 

771005213 

30.282 

9.71 5 

660432.68 

2880.840 

018 

M  2  72  1 

773620632 

30.299 

0.719 

661873.88 

2883.982 

91'.) 

84  1561 

776151559 

30.315 

9.  7 '-'2 

663316.66 

2887.123 

020 

846400 

778688000 

30.332 

0.726 

001701.01 

LW.Hi.20;, 

921 

-2  11 

78 1229901 

30.348 

9.729 

666206.02 

2803. 107 

922 

8500SI 

7837774  18 

30.364 

9.7.",3 

667654. 12 

2806.54  • 

023 

651929 

786330467 

30.381 

0.736 

660103.47 

2800.600 

02 1 

853776 

788889024 

30.397 

11.710 

670554.07 

2002.832 

925 

85502;. 

701  15:5 125 

30.414 

9.71.", 

672006.30 

2005.073 

920 

857170 

7'.M022770 

30.430 

9.717 

07:;  100.07 

09. L15 

927 

859329 

706597983 

30 .117 

0.750 

07  In l...  12 

2915.256 

928 

SCI  IS  1 

799178752 

30.  163 

9.75  1 

070072. 05 

2915.398 

929 

863041 

801765089 

30.480 

0.758 

677830.82 

2918.539 

030 

864900 

804357000 

30.  100 

11.701 

07 9 21HI.  8  7 

2921.681 

031 

sr,r,70l 

806954491 

30.512 

11.701 

080752. 19 

2924.822 

032 

86862 1 

809557568 

30.520 

9.  70S 

OS22I5.70 

2927.H0'  1 

9;;:; 

870 IS9 

812166237 

30.545 

9.771 

683680.  10 

2931.106 

034 

872356 

si  1780504 

30.501 

9.775 

6851  10.80 

29.;  1.2  17 

035 

87  122.. 

817400375 

30.578 

9.778 

68661  1.71 

2037.389 

036 

876096 

820026856 

30.59  1 

9.7s:; 

esses  1.  is 

2040.531 

937 

877909 

622656933 

30.610 

9.785 

689555.24 

29  13.072 

038 

879844 

825293672 

311.027 

9.789 

0lM027.sC 

21M0.8H 

030 

881721 

B27936010 

30.643 

9.  7H2 

01)2. ,U2. 00 

2049.055 

9  Id 

883600 

830584000 

30.650 

0.796 

693077.82 

2953.097 

941 

885481 

s:::;2;;702l 

30.676 

9.71'H 

0115  155.15 

2956.238 

912 

88736 1 

835806888 

30.602 

9.  803 

606034.05 

2959.08(1 

043 

880240 

83850 L807 

30.708 

11.  SCO 

ens  11  t.50 

2902.521 

nil 

891136 

841232384 

30.725 

9.  SI  II 

600806.58 

21015.000 

in;, 

sii:;025 

843008625 

30.741 

0.813 

70  1. ",811.  Ill 

2968.805 

046 

894916 

846590536 

30.757 

9  .817 

702SO...  38 

2971.946 

9  17 

896809 

S  11)2781  2:; 

.",(1.7  73 

9.820 

704351 .0.1 

2976.088 

948 

898704 

851971392 

30.790 

9.82  1 

705840. 17 

2978.200 

040 

9(1(10(11 

854670349 

30.806 

9.827 

707330.37 

29S  1.371 

950 

902500 

857375000 

30.822 

0.830 

70S821 .8] 

2084.518 

POWERS — ROOTS CIRCLKS. 
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No. 

Square. 

Cube. 

Sq.  Root. 

Cu.Root. 

A  rea. 

Circum. 

951 

904  101 

860085351 

30.S3S 

9.834 

71031  1.8" 

2087. 

952 

906304 

862801408 

30.854 

9.837 

71 1809.  17 

1 .  796 

953 

865523177 

30.871 

9.841 

713305.68 

299  !. 

954 

9im  16 

&68250664 

30.^7 

9.844 

71  1803. II 

2007.07!' 

955 

S700VI-75 

30.903 

9.S4S 

716302.76 

31 .221 

95i) 

873722816 

30.919 

9.851 

717803.65 

3003.362 

957 

yi5849 

876467493 

30.935 

719306.12 

3006.504 

917764 

879217912 

30.952 

9.858 

720MO.H; 

3009.645 

919681 

881974079 

..MiS 

9.861 

115.77 

3012.787 

900 

921600 

884736000 

30.984 

9.865 

723822.95 

3015. 

961 

923521 

8875036S1 

31.000 

9.868 

725331.70 

.•1)19.070 

9l  '2 

925444 

890277128 

31.016 

9.872 

726b  1 

.212 

927369 

893056347 

31.032 

9.875 

728353.91 

3025.353 

964 

929296 

69581134  l 

31.048 

9.879 

67.36 

-.195 

965 

89863 

31 .064 

9.882 

731382. 1" 

3031.637 

966 

933156 

901 128696 

31.081 

9.885 

732899.01 

3034.778 

967 

935089 

904231063 

31.097 

9.8S9 

734417.18 

3037.0211 

968 

937024 

907039232 

31.113 

9.892 

735936.96 

3041.061 

169 

938961 

9098 

31.T29 

9.896 

3  :;  158.25 

304  1.2(i:: 

970 

940900 

912673000 

31.145 

9.899 

738981.13 

3047.345 

971 

942841 

915498611 

31.161 

9.90-2 

740505.59 

'.  186 

972 

9 14784 

918330048 

31.177 

9.906 

742031  .62 

3053.628 

973 

946729 

9'21 167:117 

31.193 

9.909 

743559.22 

.'I0.S6.769 

974 

948676 

924010424 

31.209 

9.913 

745088.39 

3059.911 

975 

950625 

926859375 

31.225 

9.916 

746619.13 

30G3.053 

976 

952576 

92971  U76 

31.241 

9.919 

748151.44 

.194 

954529 

932574833 

31.257 

9.923 

749685.32 

3069.336 

978 

956484 

935441352 

31.273 

9.926 

751220.78 

3072.478 

979 

9584 1 1 

938313739 

31 .289 

9.930 

752757. SO 

3075.619 

980 

960400 

941192000 

31  .305 

9.933 

754296.40 

3078.761 

981 

962361 

944076141 

31.321 

9.936 

755836.56 

3081 .002 

964324 

946966168 

31  .337 

9.910 

757378.30 

30S5.044 

983 

966289 

949862087 

31.353 

9.943 

758921.60 

30b8.185 

984 

968256 

952763904 

31.369 

9.946 

760466.  IS 

3001.327 

985 

970225 

9556"; 

31.385 

9.950 

762012.93 

3094. 169 

972196 

958585256 

31.401 

9.953 

763560.95 

3097.610 

987 

974169 

96150480.1 

31.  117 

9.956 

765109.54 

3100.752 

988 

976144 

964430272 

31.432 

9.960 

766661 .70 

3103.803 

989 

978121 

967361669 

31.448 

9.963 

7682] 1.44 

3107.035 

990 

980100 

970299000 

31.464 

769768.74 

3110.177 

991 

982081 

973242271 

31   480 

9.970 

77 1. -12  1.61 

3113.318 

992 

984064 

976191  188 

31.496 

9.973 

772882.06 

3116.  160 

99.1 

986049 

979146657 

31.512 

771111.07 

31  10.601 

994 

988036 

982107784 

31.528 

9.980 

776001.66 

..743 

995 

985074875 

31.5  11 

9.983 

63.82 

3125.885 

99ii 

992016 

986047936 

31.560 

9. 987 

77912 

3129-026 

997 

994009 

991026973 

31.575 

9.990 

780692.85 

12.168 

a98 

996004 

994011992 

31.591 

9. 993 

.    0.72 

3135.310 

g 

99S00I 

997002999 

31.607 

9.997 

783828.1  1 

3138.451 

1000000 

1000000000 

31.623 

10.000 

"78539S.  16 

31 11.593 
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List  of  <is<  (id  Books  of  reference. 

Belidor,  Bombardier  Franc/aia 1 73  I 

Saint  Rimy,  Memoires  d'artillerie •  171") 

I>"j,ii:/'t,  Essai  sur  l'usage de  L'artillerie  dana  la  gaerre  de  oampagne  at  eelle 

de  Biege. 1771 

Saint  Auba.fi,  Memoires  Bur  lea  nouveaux  Bystemes  d'artillerie 1771 

Afilller,  Treatise  on  Artillery 1780 

Jones,  Artificial  Fireworks 1786 

Lombard,  Tables  de  tir  dea  ('annus  el  Obusiers 1787 

A  a  to  a,'.  On  Gunpowder 1789 

T<  .i  7«  r  de  .\u,/n  c,  Recherches  sur  l'artillerie  en  general 1  ''■>- 

Mn mi' ,  De8oriptioD  de  Part  de  fabriquer  les  canons 1793 

Vandemonde,  Procede  sur  la  fabrication  des  armes  blanches 1793 

Durtubie,  Manuel  de  1'artilleur 1796 

Lombai  d,  Traite  du  mouvement  des  projectiles 1798 

Scl  i  el,  Treatise  on  Artillery  (Translated  from  the  German) 1800 

Mor,  I,  Train-  pratique  <  1 1 ■  s  feux  d'artifioe 1800 

Cornibert,  .Manuel  du  oanonnier  marin 1800 

James,  Military   Dictionary 1802 

Robins,  New  principles  of  gunnery 1805 

Cutty,  Memoires  sur  la  fabrication  dea  armes  portatives 1806 

Coseigny,  Recherches  sur  la  poudre 1807 

— Id  i  in — Supple  men! 1808 

B   iattd,  Pabricati le  la  poudre 1808 

Toussai  d,  American  Artillerist's  Companion 1809 

Cornibert,  Tables  des  port€ea  des  canons  el  oarronades  de  la  marine 1809 

Bigot,  Traite  d'artifices  de  guerre 1809 

Ihui,  hi,  Traite  <•  l <'•  1  n o ii t aire  de  la  fabrication  des  bouches  a  feu 1810 

Bottei  'i  Riffault,  Traite  de  Pari  de  fabriquer  la  poudre  a  canon lsil 

Bottee  'i  Riffault,  L'arl  du  Salpe trier 1812 

Hoyer,  Dictionary  of  Artillery  (German) 1812 

Button,  Neu  experiments  in  gunnery  |  Button's  Tracts) 1812 

Herbin  dt  Halle*,  Des  bois  propres  an  Bervice  '\f<  A  rsenaux 1813 

II  a  I  <  it,  Instruction  sur  le  service  de  l'artillerie 1813 

limine,  .Military  Dictionary 1813 

Bigot,  Manoeuvres  de  force 1814 

D'Obenheim,  Balistique 1 s  I  I 

Sihnriilfii.it.  Treatise  on  Artillery,  German  [translated  into  French,  1840]...  1814 

/''linnet,  Essai  sur  Part  de  pointer 1816 

I  inn  :/i a  xx,  Essay  on   Military  Bridges •• 1816 

Lamartilliere,  Reflexions  sur  la  fabrication  des  bouches  a  feu 1817 
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VObt  nli,  im,  Memoire  sur  La  planchette  du  canonnier 1818 

Oassendi,  Aide-Memoire 1819 

Observations  on  the  use  of  Artillery,  at  the  sieges  of  Badajos,  St.  Sebas- 
tian, etc 1819 

Ihijiin,  Force  Militaire  de  l;i  Grande  15  ret  ague 1820 

Lallemand,  Treatise  on  Artillery 1820 

Euggieri,  Elemens  ile  Pyrotechnic 1821 

Paixhans,  Nouvelle  force  maritime 1822 

Cotty,  Dietionaire  d'artillerie 1 S22 

Vergnaud,  Poudrea  fulminantes 1824 

C  a  l  urn  a.  Manuel  de  la  metallursie  du  fer 1824 

» 

Pyrotechnic  Militaire,  tradnit  de  l'Allemand  par  \\.  de  Peretsdorff 182-1 

Journal  ilcs  Sciences  Mil  it  aires  :   commence  en 1825 

Cntbash,  Pyroteohny 1 825 

,  Traite  elementaire  d'artillerie ls-"> 

Montgery,  Fusees  de  guerre 1826 

/'/•       .  Dooumens  sur  la  matiere  a  canons 1827 

Allix,  Observations  sur  le  nouveau  systeme  d'artillerie 1827 

Alix,  Systeme  d'artillerie  de  campagne 1827 

Adye,  Pocket  Gunner 1827 

On  the  Rocket  system 1827 

5         .  ESssai  sur  Part  des  fontea 1827 

Proust,  Receuil  de  Memoires  sur  la  poudre  a  canon 1827-'28 

Michel,  Memorial  de  l'artilleur  marin 1828 

Poumi  i,  i  observations  sur  Le  nouveau  systeme  d'artillerie 1828 

Memorial  de  l'artillerie,  .">  panics 1872,  '28.  '30,  '37,  '42 

lan,  British  Gunner 1828 

Montgery,  Regies  de  pointage  a  bord  des  vaisseaux 1828 

Douglass,  Naval  Gunnery 1829 

Karstt  a.  Metallurgie  du  fer,  tradnit  de  l'Allemand  par  Culruan 1830 

G  rewt  it'te,  Traite  de  l'organisation  et  de  la  tactique  de  l'artillerie,  tradnit  de 

l'Allemand  par  Peretsdorff 1831 

Cotty,  Supplement  au  diotionnaire  d'artillerie 1832 

Braddoch,  Memoir  on  Gunpowder 1832 

Paulin-  !><  eormi  mix,  Manuel  de  l'armurier 1832 

Journal  des  Armea  Speciales begun  in  1834 

Meyer,  Experiences  sur  la  fabrication  et  la  durec  des  houches  a  feu  en  fer  et 

en  bronze;  traduit  de  l'Allemand  par  Peretsdorff ..  •' 1834 

.  Applications  du  fer  aux  constructions  de  l'artillerie ts.".4 

/.<  has,  Aide-Memoire  d'art  militaire -  1834 

Memorial  a  I'usage  de  L'armee  Beige 18;;."i 

Instructions  and  Regulations  for  the  Bervic'e  and  management  <it'  heavy  ord- 
nance in  tbe  British  service 1835 
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Experiences  sur  lea  prinoipea  du  tir.  faites  a  .Met 7.  an  1834 1 v 

l';,,i,i  ,-t.  Traite  d'artillerie  theorique  e<  pratique :  Partie  elementaire 1836 

BonaparU  I  Vapnleon  Louis),  Manuel  d'artillerie  a  l'usage  des  offioiers  de  la 

Republique  Helvetique 

/..   Bourg,  Essai  sur  ^organisation  de  I'artillerie,  2  parties ls:;o 

Experiences  comparatives  entre  <les  bouohea  a  feu  en  fonts  de  fer,  d'origine 

Francaise,  Anglaise,  et  Suedoise;  faites  a  Gavres  en  1836 1837 

Experiences  faitea  a  Brest  en  1831  sur  lea  canons  Paixhane ls:;" 

Experiencee  sur  dee  projectiles  creux,  faites  en  1829,  '30,  '31  1837 

Decker,  Instruction  pratiqae  Bur  1'emploi  dea  projectiles,  traduii  de  I'Alle- 

mand  par  Peretidorff I s;" 

Simmons,  Effects  of  heavy  ordnance  as  applied  to  ships  of  war 1837 

Mcuniin.  Bxperiencea  sur  les  poudrea  de  guerre,  faitea  a  Esquerdes  en  1832, 

'  '33,  '34,  '35 IB37 

Thiroux,  [nstruction  theorique  ei  pratique  d'artillerie,  a  I'usage  des  eleves 

de  St.  Cyr 1837 

Cours  sur  le  service  dee  officiera  d'artillerie  dans  lea  forges 1837 

Meyer,  Manuel   Historique  de  la  technologie  des  armes  a  feuj    traduii  de 

'  l'AUemand  par  M.  Rieffel,  2  parties 1837-38 

Poisson,  Formulea  relatives  anz  effete  du  tir  sur  I'affut ls:;s 

Morin,  Aide-Memoire  de  mecanique  pratique 1838 

V,  rgnaud,  .Manuel  de  l'artificior 1838 

Jacobi,  Etat  actuel  de  I'artillerie  de  campague  de  toutea  lea  puissances  <le 
I'Europe  :  traduii  par  Maze : 

Artillerie  Anglaise 1 

Franchise ] 

Bavaroiae \    l838  ,„  ,sl,, 

"         Neerlandaise j 

"  Wurtembergeoise. . .  | 

"  Suedoise J 

(Other  parte  have  been  published  in  German 

Cours  sur  le  service  dea  officiera  d'artillerie  'la us  lea  fonderiea 1839 

Euguenin,  Description  de  la  fabrication  des  benches  b  feu  a  la  fonderie  royale 

de  Liege '■•'•"' 

Timmerhans,  Poudre  a  ('anon •  •     1839 

Zeni  ei  des  Hays,  Etenseignements  sur  le  materiel  de  I'artillerie  navale  de  la 

Grande  Bretagne Is,u 

Vigottt  et  Bergery,  Theorie  dea  affutsei  dee  voituree  de  I'artillerie 1840 

Handbuch  fur  die  K.  K.  Oesterrejchische  artillerie-offiziere, 

[Manual  for  th  Austrian  artillery  officers'] 1840 

Saamlung  von  Bteindruckzeiohnungen  iler  Preuesisohen  •  rtillerie,  mil  erlau- 

terungen— I  Collection  of  plates  of  the  Prussian  artil    ry,  with  explanatory 

!,,,]?..... .' 1S37  to  1840 

Collection  de  plane  dea  fonderis  de  Ruella  et  St.  Gervais 

Con-en rd,  Histoire  des  fusees  <le  guerre— Tome  Ire  (a  reprini  of  Montgery's 

work) lsn 
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Timmerhans,  Construe!  i"ii  dea  bouches  ;>  feu 1841 

Laisne,  Aide-Memoire  dea  officiera  du  Qunie is  jo 

Aide-Memoire  d'Artillerie 1844 

Aide-Memoire  to  the  Military  Sciences  (English) begun  in  184.3 

Experiments  on  gunpowder  at  Washington  Arsenal;  First  Report 1845 

Griffith,  Artillerist's  Manual 1847 

Piobert,   Iraite  d'artillerie — Partie  tbeorique  et   experimentale  (Poudres  et 

guerre ) 1847 

Deckt  r.  Experiences  Bur  les  shrapnels i    -7 

Marion,  Reoeuil  des  bouches  k  feu  les  plus  remarquables 1 v  1 7 

Didion,  Traite  de  Balistique 1848 

Oaoalli,  Memoire  sur  les  canons  se  chargeans  par  la  eulasse 1849 

Cours  sur  les  armes  a  feu  partatives,  par  l'instru                                     Omer. .  [849 

Experiments  od  gunpowder  at  Washington  Arsenal;  Second  Report IS49 

Gregory's  Mathematics  for  Practical  Men. 
Weale'a  Engineer's  pocket  book. 
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